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1. Field of the Invention

This invention relates to the field of neurosurgery, in particularly, a
neurosurgical treatment for neurogenic disorders and, more specifically, to a
neurosurgical method for the treatment of neurogenic conditions, including diabetes
mellitus, by microvascular decompression of the medulla oblongata and viscera-related
cranial nerves.
2. Background Art

Prior to the adva’ncé of microsurgical techniques, many intracranial
procedures in the area of the brainstem were considered too risky and were not
performed. With the introduction of the surgical microscope into neurosurgical practice,
the intracranial .vasculature and nearby neural structures could be visualized, thus
facilitéting the identification of subtle defec£s sﬁch as micrqvascular compression of the
brainstem. Using microsurgical techniques, specific portions of the brain stem, cranial
nerves, and minute blood vesseis adjacent thereto can be manipulated to repair these
defects.

One such microsurgical technique is microvascular decompression

(MVD). In MVD, the surgeon typically identifies the locus of vascular compression,
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elevates the offending blood vessel or vessels from the su;facé of the affected neurai



mel litus, by m crovascul ar deconpression of the nmedulla obl ongata and
viscera-related cranial nerves. 2. Background Art Prior to
t he advance of m crosurgical techniques, nany intracranial procedures in
the area of the brainstemwere considered too risky and were not
performed. Wth the introduction of the surgical mcroscope into

neur osurgi cal practice, the intracrani a? vascul ature and near by neur al
structures could be visualized, thus fa |I|tat|ng the identification of
subtl e defects such as m crovascul ar conpression of the brainstem Using
m crosurgi cal techni ques, specific portions of the brain stem cranial
nerves, andtissue,and ititerposesiesaft biocanpatibla implast kttweasthe tbboodavesgailand ¢ t o
repair these defects. One such m crosurgical technique is

m crovascul adurslEE b eah@h the (MGMpressiodVD, the surgeon typi-cally
identifies the |ocus of vascular conpre55|on

In general, as humans age, blood vessels tend to enlarge and may become
ectatic, tortuous, and in many cases, sclerotic. To a large extent, the characteristics of a
subject’s vasculature are inherited and, therefore, heredity is considered to be ;major
factor in cerebrovascular pathophysiology. As certain subjects age, the intracranial blood
vessels which surround the medulla oblongata such as the b::}s_ilar aﬁd verterﬁal arteries,
can press into the surface of the medulla. This compression can produce grooving of the
medullary surface, whiéh can alter the function of the anatomical entities innervated by
the affected region of the medulla. Where arteries impinge upon the medulla and the
cranial nerves, a pulsatile compression of those neural tissues is produced.

Vascular compression of certain cranial nerves has been found to create,
or contribute fo, numerous diseases or conditions, including for example, trigeminal
neuralgia, audiovestibular dysfunction and hemifacial spasm, and glossopharyngeal
neuralgia. For example, Jannetta discusses the etiologies, and treatments for, the
aforementioned diseases in “Microsurgery of Cranial Nerve Cross-Compression,”
CLINICAL NEUROSURGERY, Chap. 26, pﬁ. 607-15 (1979). Each disease can be considered

| a hyperactive dysfunction of the respectiQe cranial nerves V, VII, VIII, IX, and X, most
likely due to root entry zone abnormalities that are usually vascular in nature, There is
evidence that brainstem compression, and vascular cross-compression at the root entry

zone of cranial nerves, are related to a number of clinical syndromes. Microvascular



el evates the of fending bl ood vessel or vessels fromthe surface of the
af f ect ed neur al -2-
ti ssue, and interposes a soft, bioconpatible inplant between the bl ood
vessel and the neural tissue to maintain the deconpression.

I n general,

as humans age, bl ood vessels tend to enlarge and nmay becone

ectatic, tortuous, and in many cases, sclerotic. To a |l arge extent, the
characteristics of a subject’'s vascul at Urx" are inherited and, therefore,
heredity is considered to be a nmajor factor in cerebrovascul ar

pat hophysi ol ogy. As certain subjects age, the intracranial blood vessels
whi ch surr oldegbrhpressi®iledn e AbdanrgRlpefettiveaRatnimt iRrdablnof thesk diecdses, with

arteries,

nerve ﬁmctipn becoming greatly improved, if not fully normal, as a result.

Furthermore, pulsatile compression of the left latgral medulla oblongata
by looping cerebral arteries at the base of the brain has been shown to cause neurogenic
or “essential” hypertension. Jannetta, et al., describes the treatment of neurogenic
hypertension using microvascular decompression of the left lateral medulla in “Essential
Hypertension Caused by Arterial Compression of the Left Lateral Medulla: A Follow-
Up,” &stpggMQL_S_gg, 3(1): 107-125 (1992).

| It is believed that other diseases, including non-insulin-dependent diabetes
mellitus (NIDDM), also may be caused or exacérbated by compressive cerebrovascular
pathophysiology, particularly pulsatile vascular compression of the right lateral medulla.
In general, diabetes mellitus is a syndrome resulting from a variable interaction of
hereditary and environmental factors It is characterized by abnormal ifxsulin secretion,
inappropriately elevated blood glucose levels; and a variety of end organ complications
including nephropathy, retinopathy, neuropathy, and accelerated atherosclerosis. Patients
with NIDDM may or may not use insulin for symptom control, but do not need it for
surviv#l. In NIDDM, tissue processes which control carbohydrate metabolism are
believed to develop a decreased sensitivity to insulin over time. The progression of
NIDDM is associated with increasing concentrations of blood glucose, and is coupled
with a relative decrease in the rate of glucose-induced insulin secretion.

There is evidence that a relative excess of insulin, or hyperinsulinemia,

may be associated with accelerated atherosclerosis, hypertension, hypertriglyceridemia,



can press into the surface of the medulla. This conpressi on can produce
groboving of the medullary surface, which can alter the function of the
anatom cal entities innervated by the affected region of the nedulla.
Where arteries inpinge upon the nedulla and the cranial nerves, a

pul satil e conpression of those neural tissues is produced.
Vascul ar conpression of certain cranial perves has been found to create,
or contribute to, numerous diseases or conditions, including for exanple,
trigem nal neural gia, audiovestibular dysfunction and hem facial spasm
and gl ossopharyngeal neural gia. For exanple, Jannetta discusses the
eti ol 0gi eSandreduded B @diis ilpbprotehechcﬂémrehmﬁdauseadsmlrsaismms:apable of

"M crosurgery of Cranial h%rve Cross- Conpression, " CLI Nl CAL NEURCSURCERY,

Chap. 26, O%%glflg(i)rhsgfig résh 52%? lé)ﬁi%?%ﬁ & AR &8RPIt ﬁ?ﬁérﬁﬁﬁﬁ’ﬁ’emﬁ iNpRemRet i ve

?Yigrncéhe or e ;efp . nerves V, VII7" VIII X, and X, nDst
nature.  Theis epdy NIGDYenTesaitent ogﬁéﬁmt KRR mwgﬁa“"iﬂ'rt% "
cross-conpression at the root entry
of diet, and the administration of either oral hypoglycemic agents or insulin. Such
solutions are not entirely satisfactory because NIDDM patients acquire the sequelae
typically associated with both hyperinsulinemia, e.g., accelerated atherosclerosis, -
hypertension, etc., and hyperglycemia, e.g., microvascular co_mplicz;tions including
nephropathy, retinopathy, neuropathy, etc. In general, it was thought although the
progression of NIDDM could be slowed, but the ultimate effects of the disease were
inexorable.
Although the cause of NIDDM is not fully understood, it is believed to be
strongly influenced by hereditary factors due to its prevalence in particular families.
Unlike insulin-dependent diabetes mellitus, which is thought to be caused by the
autoimmune destruction of the insulin-producing cells of the pancreas, NIDDM is
believed to be, at least at its inception, a decline and eventual failure of the neural and
hormonal servomechanisms that promote euglycemia. Indeed, in early NIDDM,
hyperglycemia and hypertension are epiphenomena.
Also; NIDDM is strongly associated with “apple” obesity, in which the
subject develops a large abdomen with normal-sized limbs and lower torso. Heredity,
too, plays a significant role in the incidence of “apple” obesity, in which the omentum

enlarges, and which may be due to a breakdown in the fat storage servomechanism

involving the abdominal adipose tissue and the omentum. Because insulin acts as a “fat-



zone of, cranial nerves, are related to a nunber of clinical syndrones.

M cr ovascul ar deconpression can be an extrenely effective
treatnment for each of these diseases, with nerve function becomng greatly
i mproved, if not fully normal, as a result. Furt her nore,

pul satile conmpression of the left lateral nedulla oblongata by | ooping
cerebral arteri es at the base of the bragn has been shown to cause
neurogenic or "essential" hypertension.”Jannetta, et al., describes the
treatment of neurogenic hypertension using mcrovascul ar deconpressi.on of
the left lateral nmedulla in "Essenti al

sparing” substance, the increased insulin levels of NIDDM also tend to promote obesity.

A common link may exist between NIDDM and “apple” obesity because both appear to
be products of a disruptiox_l of the internal milieu for glucose and fat servomechanisms
and both the pancreas and omentum are innervated by ﬁberé from cranial nerve X, the
vagus nerve.

To the extent that the aforementioned servomechanisms promoting
euglycemia can be restored prior to the exhaustion of the pancreas and the development
of atherosclerosis and microvascular complications, NIDDM may be cured, or its effects
be greatly ameliorated. At present, however, there is no commonly-accepted surgical
procedure in use for the treatment of non-insulin-dependent diabetes mellitus.

What is needed then is a method and devices for treating a neuroendocrine
disease, such as NIDDM, that is caused or exacerbated by microvascular compression of

the brainstem tissue and associated cranial nerves.

SUMMARY OF THE INVENTION

The invention described herein provides a method and devices for
relieving pressure from a preselected region of the brainstem within the cranium of a
subject, where the subject has a neuroendocrine servomechanism, and the pressure
results from the compression 6f the regioh by a blood vessel. In general, the method
includes gaining access to the preselected region using a first preselected surgical
technique; exposing the preselected region according to a second preselected surgical
technique; lifting the blood vessel from at least a portion of the region according to a

thlrd preselected surgical technique, thereby providing the pressure rehef and inserting a
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Hypertensi on Caused by Arterial Conpression of the Left Lateral Medulla: A
Follow Up," Perspec. Neurol. Surg., 3(1): 107-125 (1992).

It is believed that other diseases, including non-insulin-dependent

di abetes nellitus (NIDDVM, also may be caused or exacerbated by
conpressi ve cerebrovascul ar pat hophysi ol ogy, particularly pul satile
vascul ar conpression of the right |laterals medulla. I'n general, diabetes
mellitus is a syndrone resulting froma variable interaction of  hereditary
and environnental factors It is characterized by abnormal insulin
secretion, inappropriately elevated blood glucose |evels, and a variety of
end or gan meupivascalar bridge implantheteeencthh binodtvessel and the poeselegtedegionthe hy,
and accel erated atherosclerosis. Patients wth NI DDM nmay or nmay not use

i nsulin foim3lRPHRAMAAMN R prelsiire #licROTypiealty, e dedfoendbéritie/stivorhdthi M
ti ssue processes which control carbohydrate netabolismare believed to

N DO | s <t BEREE Rrepearbiiefgh B febier bbinh aBiomiEaREARIEARL 100 |

coupl ed

one embodiment of the method according to the invention herein, the neuroendocrine
servomechanism includes the pancreas <;f the subject, and the pressure relief ameliorates
non-insulin-dependent diabetes mellitus.

In one embodiment of the method, the first prg_selectéd surgical technique
can be a retromastoid craniectomy; the second preselected surgical technique can be a
pericerebellar procedure; and the third preselected surgical technique can be
microvascular decompression. The preselected region can include a portiqn of medulla
oblongata, such as the right ventrolateral medulla oblongata, or tenth cranial nerve, or
both. The blood vessel typically is an artery such as the basilar artery, the vertebral

- artery, the anterior inferior cerebellar artery, or the posterior inferior cerebellar artery,

and branches and combinations thereof, which causes pulsatile compression of the
preselected region.

The neurovascular bridge implant aécording to the invention herein can be
a preconfigured shredded plastic implant, or a preconfigured thermoplastic implant. The

| preconﬁgﬁred shredded plastic implant can be made of polytetrafluoroethylene. The

preconfigured thermoplastic implant has a shape-memory function, and can be made of a
polyurethane-based material having a glass-transition temperature of between about 20°C

and about 60°C and a transition band of about 8°C.



with a relative decrease in the rate of glucose-induced insulin secretion.
There is evidence that a relative excess of insulin, or hyperinsulinem a,
may be associated with accel erated at herosclerosis, hypertension,

hypertri gl yceridem a, and reduced high-density |ipoprotein
chol esterol. Because insulin also is capable of causing insulin

resi stance, hyperglycema can co-exist wth hyperinsulinema in patients
with early NIDDM Treatnent of NIDDM typicdally includes weight control,
regul ation of diet, and the adm nistration of either oral hypoglycemc
agents or insulin. Such

E F THE W.

Figure 1 is a basilar view of the brain illustrating the blood vessels and
cranial nerves at the base of the brain.

Figure 2 is a top view of a cross-section of a normal medulla oblongata at
the root entry zone of the cranial nerve X.

Figure 3 is a top view of the cross;éection in Figure 2 showing vascular
compression of the right ventrolateral medulla.

Figures .4a-f are illustrations of various vascular configurations with
respect the medulla oblongata and adjacent cranial nerves.

Figure 5 is a side elevational view of a preconfigured shredded plastic felt -
neurovascular bridge implant according to the invention herein.

Figure 6a-c are side elevational views of a thermoplastic neurovascular
bridge implant exhibiting shape-memory according to invention herein.

Figure 7 is a flow diagram of the overall surgical procedure according to
the invention herein.

Figure 8 in an iilustration of the fop rear view of a surgical subject lying
in a left lateral recumbent position.

Figure 9 is a flow diagram of one embodiment of a pericerebellar
procedure according to the invention herein.

Figure 10 is a flow diagram of one embodiment qf a microvascular

decompression procedure according to the invention herein.



solutions are not entirely satisfactory because NI DDM patients acquire the
sequel aé typically associated with both hyperinsulinema, e.g.,
accel erated atherosclerosis, hypertension, etc., and hyperglycem a, e.qg.,
m crovascul ar conplications including nephropathy, retinopathy,

neuropat hy, etc. In general, it was thought although the progression of
Nl DDM coul d be slowed, but the ultimate effects of the di sease were
i nexor abl e. - Al t hough the tause of NIDDMis not fully

understood, it is believed to be strongly influenced by hereditary factors
due to its prevalence in particular famlies. UnI I ke insulin-dependent

di abetes nellitus, V\/nIChISD ) INVENTION aut oi nmune
destruction of the insulin- produ0| ng cells of the pancreas, NIDDMi s

el 1 eved to be at | e3hl uflenidiPhBinGRONEE: o AefiBllhdBeARK BYERLNG o T2l | ure

of the neural and hornonal Servone at pronote euglyc

| ndeed, in earl NI hyper gl ycemi a and h tension are onena.
neurogndocnne 1seas<>e/ t ?s c%used or exacerbgl gde ﬂy vascular compresagoﬁ) o? the

brainstem and the associated cranial nerves. By initiating and maintaining
decompression of th; relevant neural tissue, the diminished neuroendocrine
servomechanisms can be encouraged to regain sufficient functioning as to effect the
elimination or long term amelioration of the target neuroendocrine &isgase, e.g., NIDDM.

In one embodiment of the present invention, it is preferred to treat
NIDDM by effecting microvascular decompression of the right ventrolateral medulla
oblongata, and the associated ninth and tenth cranial nerves (Cranial IX and Cranial X,
respectively) using microsurgical techniques. Access to a subject’s medulla and cranial
nerves can be obtained by performing, for example, a retromastoid craniectomy;
followed by a pericerebellar procedure which includes transection of the meninges and
traversal of the cerebellum to the medulla oblongata. With the vertebral-basilar arteries
thus visualized, the surgeon caﬁ pérform a microvascular decompression of those
-pulsatile vessels which are compressing, or even grooving, the surfaces of the medulla
and cx_'anial nerves.

Figure 1 is a basilar view of a brain 1 showing parallel views of the blood
vessels at the base of the brain and the cranial nerves. Visible from this view are medulla
oblongata 2, basilar artery 3, and the bifurcated ve(tebrél artery 4. A relevant branch of
basilar artery 3 is anterior inferior cerebellar artery (AICA) 5, and of vertebral artery 4 is

posterior inferior cerebellar artery (PICA 6). The left portion of cerebellum 7 is shown,



Also, NIDDMis strongly associated with "apple" obesity, in which the
subj ect devel ops a | arge abdomen with nornal -sized |inbs and | ower torso.
Heredity, too, plays a significant role in the incidence of "apple"
obesity, in which the onentum enlarges, and which may be due to a
breakdown in the fat storage servonechanism involving the abdom nal

adi pose tissue and the onentum Because insulin acts as a "fat-

sparing" substance, the tncreased insulin Tévels of NIDDM al so tend to
pronote obesity. A comon |ink may exist between NI DDM and "appl e" obesity
because both appear to be products of a disruption of the internal mlieu
for gl ucose axdhé sightgprianiBobmoved® shods deoiital lobe BaQtheavdsiblechenrat structuis e
i nnervated by fibres fromcranial nerve X - the vagus nerve. To the

extent that ibeq@CefiER. haVEY SRCHANBRFRAASETOPFRIR | SRows ol SR8 3-6,
and their branches, are quite proximate to, if not in contact with, medulla oblongata 2.
As an individual ages, and as heredify dictates, all arteries in the brain, including arteries
3-6, tend to enlarge. In some cases, such as with neurogenic NIDDM, arteries 3-6, alone
or in combination, can compreés the surface of the medulla oblongata 2, near the root
entry of nerves 9 and 10, and may cause grooving of the medullary tissue. Because of
tﬁé pulsatile nature of the blood flow through arteries 3-6, the compression tends to be

| pulsatile compression. It is believed that pulsatile compression of the right ventrolateral
medulla oblongata 2 causes the degradation of the glucose regulatory mechanism that
acts in concert with the subject’s internal milieu.

Figure 2 is the top view of a cross-section of medulla oblongata 20 that is
compressed by vertebral artery loop 22 near the root entry zone of the right branch 23 of
Cranial X. Branch 23 provides the fibers of the vagus nerve which innervate the
abdominal viscera, iﬁcluding the pancreas and the omentum. The compression of region
24 by pulsatile loop 22 can disrupt normal neuroendocrine activities and lead to aberrant
glucose and insulin regulation. As the course of NIDDM progresses, loop 22 can enlarge
further and become sclerotic, producing even greater wmpkssion of region 24.
Eventually, such prolonged, progressive compression of region 24 can severely diminish,
if not extinguish, the neuroendocrine activities 6f region 24, énd NIDDM can become

advanced and, perhaps, irreversible. However, by microvascular decompression of



can be restored prior to the exhaustion of the pancreas and the devel opnent
of atherosclerosis and mcrovascul ar conplications, NI DDM may be cured, or
its effects be greatly aneliorated. At present, however, there is no
comonl y- accepted surgical procedure in use for the treatnent of
“non-insulin-dependent diabetes nellitus. ' What is needed then is a
net hod and devices for treating a neuroepgocrine disease, such as N DDV
that is caused or exacerbated by m crovascul ar conpression of the brainstem
ti ssue and associ ated crani al nerves. ' SUMVARY OF
THE | NVENTI ON According to the invention in a first aspect there is
provi ded a negion@daearly iathddéwtippnent oENIDRYA gluagse and inbulgyeewrdendpetingat i ng
pressure between a bl ood vessel and a presel ected region of the brainstem
sai d i npl andysERRGA S8k AibStatialfy Ri6ved, ifHot esmplictflfsersed.asti ¢ inpl ant and
a preconfigured thernopl astic inplant. According to'the invention in

a second aspect, therg is provided neur o C Li L ipl ant. _adant ed
to relieve pul sating %lgg’éesﬁl’l@s*‘g%ﬁ? goppxpg\ggﬁ‘g%foéé-%écet%pgg%quhIﬁgﬁl@}l 5?‘%?? tm
within the craniumof a subject, the subject having a disorder of the
nornal neurinevhigk micrevasevlapdecomnression wasefiseteds The vertehsaltartery oopdimear
conpression of the region by a blood vessel, the inplant conprising one of
a preconf i ome esbtehfre demsoftha sightbrangh 34éf Cradiab Xitae et lified Swayt fiomnsontaast i C
i mpl ant wherein the neuroendocrine servonechanismis responsive to the
pressure relief ' I A ' ' I r

W apf ram%gsgg&&gn%%m. g rﬁﬁhtamh?trdg&&aﬁ%fe&%re B Ral dhe

relief. cor vention 1n a spect , ere 1s

provi ded a neurovascyl bridge [nplant adapted to,relj.ev ul sati ng
pressure be‘ﬁ}&é‘b‘ﬁs‘éﬁﬁl%g{ﬁe\%@g& 4éﬁ1ng lsammﬁée%an F‘E’Qi@rﬁ“@f‘ glﬁéiﬂr ai nstem
the pressure resulting fromthe conpression of

' Bridge implants 45a-d, seen in cross-section, can be made of a soft,

biocompatible material, for example, a shredded polytetrafluoroethylene (PTFE) felt.
Where additional structural support is desirable, implants 45a-d instead can be made of a
preconfigured thermoplastic material, that can be formed into a convenient shape for
interposition by the surgeon. Thermoplastic implants 45a-d would return to the
preconfigured shape over time at the urging of the subject’s body temperature. Implants
45a-d can be either PTFE felt, thermoplastic material, or g combination of both types.
Figures 4a-d illustrate some other possible configurations of vascular |

compression of the medulla and associated cranial nerves. Figure 4a shows right lateral

~ medulla oblongata 50 being compressed by artery 52 in the vicinity of the root entry

| zones of Cranial IX 54, Cranial X 55, and the spihal accessory nerve, Cranial XI 56. The
pulsatile compression by artery 52 creates a depressed region, or groove, 53 in the right
lateral medulla 50. Figure 4b shows anterior compression of right lateral medulla 50 by
PICA 57. In Figure 4c, PICA 57 is shown coursing between middle fascicles 58a, b of

Cranial X 55. Figure 4d illustrates PICA 57 grooving posteriorly from the cranial



the region by said blood vessel, the inplant conprising one of a
preconfigured shredded plastic inplant and a preconfigured thernoplastic

i npl ant, said inplant being shaped and sized to fit between said bl ood
vessel and said predeterm ned region of the brainstem and being positioned
bet ween sai d bl ood vessel and said predeterm ned region of the brainstem
wherein the inplant relieves the pressure Eetmeen t he bl ood vessel and the
presel ected regi on and mai ntains the presé re relief, the pressure relief
aneliorating a disorder of the normal neuroendocrine servomechani sm
According to the invention in a fourth aspect, there is provided a

neur ovascul adirdtibAIPigur4illus@atedvattbial aftélyl 33fushing 2lbop of PIGA STligtoligheeen
a bl ood vessel and a preselected region of the brainstem the pressure

ol ant " conpeet Aie SECHERGER0C SidRE of SR BN BHER e YRRl BB an o

preconfigured therpoplastic inplant, said inplant being shaped and sized to
fit between eosmpressingodghidateral mgdullaehlongataddte casagPaveglon of the
brai nstem and bei ng positioned between said bl ood '

Figure 5 is an illustration of a soft, biocompatible, shredded-plastic bridge

implant 90 which can be composed of multiple fibers, or whiskers, of PTFE, and have a
preselected shape. Implant 90 may be, for example, cylinder-, box-, cigar- or wedge-
shaped, flattened-ovoid-shaped, and the like. The smallest of implant 90 may consist of
a few generally soft and unrolled fibers. Implant 90 can be manufaétured witha
preselected shape, width, thickness and length, and packaged as a kit along with other
PTFE imp-lants having different preselected shapes, widths, thicknesses and lengths.
Table 1 describes exemplary lengths, widths, thicknesses, and preselected configurations

for certain embodiments of implant 90.

ITABLE 1
SIZE CIGAR BOX WEDGE*
Small
Length S mm 5mm 5 mm
Width 2mm 2mm 2-3 mm
Thickness 2mm I mm 2-3 mm
Medium
Length 6-8 mm 6-8 mm 6-8 mm
Width 2-3 mm 3mm 3-4mm .
Thickness 2-3 mm 1-2mm 3-4 mm
Large
Length 7-10 mm 7-10 mm 7-10 mm
Width 4 mm _ 4 mm 4-5 mm

Thickness 4 mm 2 mm 4-5 mm



vessel and said predeterm ned region of the brainstem wherein the inplant
reli'eves the pressure between the bl ood vessel and the presel ected region
and maintains the pressure relief, the pressure relief aneliorating

non-i nsul i n-dependent di abetes nel litus. According to the invention
in as fifth aspect, there is provided a neurovascul ar inplant adapted to
relieve pul sating pressure between a bl'ogd vessel and a presel ected region
of the brainstem the pressure resulting1 r'om t he conpression of  said
region by said blood vessel, the pressure relief aneliorating a disorder of
t he normal neuroendocrine servonmechani sm said inplant conprising: a
bri dge conposed of a soft bioconpatible material; a first portion of
sai d bridgepgpafigysed to structurally support said blood vessel a distance

f id t he brai ' ti f | | d
rom sai re% 0 e brai nﬁj_fzinhﬁe - a s?ﬁ_q?qnﬂor ion of sgifkridge

configured t nh said regiong instemto matintainthe5
deconpressio sai d region; 43'1 | sai d stBHhd portion bei’Ay™m™
general |y on BHCHESHsi ng si de o9 ™8 d bri dge frofm 5-6 mm

*Wedge width is measured at ﬁdest point of the iﬁplmt. At
mid-point, a wedge can be as wide as a cigar-shaped implant of a
comparable length.

To enhance the tissue compatibility of the PTFE felt implants, at leasta
portion of the implant may be coated with silicon. Each of the implants can be
protectively packaged to protect against implant fiber compaction, which may tend to
cause the in-situ implant to transmit arterial pulsations to the adjacent neural tissue.
Also, instead of a pre-cut implant, implant 90 may be derived from a longer, multi-
stranded yarn of shredded PTFE of a preselected thickness. In the latter case, the
surgeon could tear off the implant material at the preselected length prior to insertion into
the subject.

Figures 6a-c illustrate the shape-memory function that is inherent in
thermoplastic neurovascular bridge implant 92. In Figure 6a, implant 92 is formed into a
preconfigured shape at a first temperature. It is preferred that implant 92 be soft and

| pliable at room temperature (ébout 25‘;C). During the microvascular compression
' procedure; the surgeon, or an assistant, can temporarily reform implant 92, Figure 6b, at
a second temperature, such as room temperature, into a shape that is convenient for
interposition into the subj ecf’s brain between the offending blood vessel(s) and the

-
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said first portion and having a surface to support the nedulla in a
difection away fromsaid inplant to maintain separation between said bl ood
vessel and said region of said brainstem The invention described
herein provides a nethod and devices for relieving pressure froma

presel ected region of the brainstemw thin the craniumof a subject, where
t he subject has a neuroendocrine servoneghani sm and the pressure results
fromthe conpression of-the region by a Bl ood vessel. In general, the

met hod i ncl udes gaining access to the preselected region using a first
presel ected surgical techni que; exposing the presel ected regi on according
to a secont gbcs a7 SeCrcauses impait 92de hetumusubstantiallyrtg thepreeandigtradeshape fr om
at least a portion of the region according to a third presel ected surgical

techni que, JfQhERYRE BY) ?b RELifiAR seleBSHARI ;ismééneefnt, iApthnt D3 @41 have @color-
neu_rovascE ar bri agge I npl ant between the blood vessel and the presel ected
region, t %oded portion, which coding can indicate implant size, final shape, and orientation of the

implant curvature. Although implant 92 is shown to be generally arcuate in shape, other
preselectea configurations also can be used. |

One such biocompatible implant material is Shape Memory Polymer
(SMP) by Mitsubishi Heavy Industries, Tokyo, Japan. SMP is a “;mart” polyurethane-
based material that can transform its shape and hardness, and be returned to its original
shape. The material can be formed into a “learned” shape at a particular.temperature and
then cooled, thus forming the shape memory. Implant 92 may be shaped into a
configuration by the surgeon that facilitates insertion. When SMP is reheated, implant
92 “remembers” the learned shape. The range of hardness to softness can be customized,
and a broad range of transition temperatures can be chosen. Softening can be made to
occur at standard glass-transition temperatures of 25°C, 35°C, 45°C, and 55°C. The
transition band can be around 8°C. Using SMP, implant 92 can be formed by injection
molding, extrusion, coating, casting, and the like. |

Figure 7 describes the overall method 100 according to the invention
herein. In general, method 100 includes a preoperative preparation, step 102, of the
surgical subject which can include anesthetizing and positioning the sﬁbject for
convenient access during surgery. For example, in one embodiment of the present
invention, the subject can be brought to the operating room, givén general anesthesia,

and placed in the left lateral decubitus position, as seen in Figure 8. The subject’s head



i mpl ant mai ntaining the pressure.relief. Typically, the neuroendocrine
servonechanism is responsive to the pressure relief on the region, causing
anelioration of a disease. In one enbodi nent of the method according to
the invention herein, the neuroendocrine servonechani smincludes the
pancreas of the subject, and the pressure relief aneliorates
non-insul i n-dependent diabetes nmellitus. 4. I n one enbodi nent
of the method, the first-preselected surgical technique can be'a
retromastoid crani ectony; the second presel ected surgical technique can be
a pericerebellar procedure; and the third presel ected surgical technique
can be ni mapbedmmobilizéd dwaprreirthead halder. frusthemaernecthesubjeelns negk GaRbEude a
portion of medulla oblongata, such as the right ventrol ateral nedulla

obl ongat a, glacedmtthe RéadtoMerRaEt¢R with the bhinfslighihefletedpthe\rad edtated plighaly tp i s
an artery such as the basilar artery, the vertebral artery, the anterior

an ar | _ vertebral ,
and br anchdt? R B ikl e R PRl O fnd BBl PR B Al
of the

can be held out of the way. Continuin’g in Figure 7, with the subject thus prepared, the
surgeon can enter the cfanium, step 104. -

In one embodiment of the present invention, it is preferred that a
retromastoid craniectomy be performed, although other approaches ;nay beused. A
retromastoid incision 200 can be made parallel to and behind the right ear 202 of subject
204 to length of approximately three to six centimeters, as seen in Figure 8. The length
of the incision can be depend upon the configuration, size of build, level of obesity, and
degree of musculature of the paﬁent. For certain brachycephalic subjects, a smaller bony
opening c¢lose to the mastoid process may be indicated, because of the more medial-to-
lateral presentation of the cranial nerves in such subjects.

With the opening incision made, hemostasis can be secured in the soft
tissues, and a right lateral retromastoid craniectomy can be performed, which goes down
to the floor of the occipital plate. The opening into the cranial vault can be
approximately 2.5 cm by 3.0 cm. Also, the edge of the exposed cranial bone can waxed
to achievé hemostasis, and se_:al off thé bone air cells.

Next, in Figure 7, the surgeon can transect the meninges and traverse the
subject’s cerebellum using a preselectéd pericerebellar procedure, step 106, to gain
access to the brainstem. It is important that the surgeon employ a substantial degree of

gentleness, restraint, and patience to preserve the exquisitely sensitive cerebellar tissues.



presel ected region. The neurovascul ar bridge inpl ant
according to the invention herein can be a preconfigured shredded plastic
implant, or a preconfigured thernoplastic inplant. The preconfigured
shredded plastic inplant can be nade of polytetrafl uoroethylene. The
preconfigured thernoplastic inplant has a shape-nenory function, and can be
made of a pol yuret hane-based nateri al haﬁgng a glass-transition
tenperature of between about 20[err]C anht¥ about 60[err]C and a transition
band of about 8[err]C

It also is important that no artery be torn or perforated. One embodiment of step 106 is
described in greater detail in the context of Figure 9. Once the brainstem and the
compressing arteries are exposed, the surgeon can perform microvascular decompression, '
step 108, of the brainstem and the cranial nerves which affect the target neuroendocrine
regulatory system. One embodiment of step 108 is des;:ribed in the context of Figure 10.

Once the surgeon has completed the microvascular decompression, step
108, the subject’s incision can be closed in an accepted fashion. Prior to closing the
incision, gentle irrigation can be performed on the cerebellum using a balanced salt
solution, after which the dura mater ca;n be closed in a watertight fashion. Next, the
removed cranial bone chips can be replaced or a cranioplasty can be performed, and the
exterior incision be closed in a typical way, such as, for example, with sutures. The
subject can receive postoperative care, step 110, of the type that is routinely provided to
subjects undergoing a posterior fossa operation.

Figure 9 describes one embodimeﬁt of the procedﬁre 120 used to traverse
the cerebellum, herein called the pericerebellar procedure, which corresponds to step 106
in Figure 7. After opening the bone, the dura mater is opened, step 122, low and
laterally, and is sewn out of the way. Next, the surgical microscope can be brought into
place, and set at niedium to high power for the remainder of the intradural part of the
operation. A rubber dam and cottonoid can be placed over the cerebellum, also low and
laterally. A self-retaining microsurgical retractor with a narrow blade can be used to
elevate the cerebellum from the occipital plate, step 124, and then move the cerebellar

tissue laterally, without compressing it. Access into the subarachnoid space can be



BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a basilar

view of the brain illustrating the blood vessels and cranial nerves at the
base of the brain. Figure 2 is a top view of a
cross-section of a normal nedulla oblongata at the root entry zone of the
crani al nerve X Figure 3 is a top view of the
cross-section in Figure 2 show ng vascul conpression of the right

ventrol ateral nedulla. - ﬁ’gures 4a-f are illustrations of
various vascul ar configurations with respect t he nedul | a obl ongata and

adj acent cranial nerves. - Figure 5 is a side el evational

vi ew of a ghbtainedby gharply tensectihgdhe arachrioid membraneewitlvg skarp microswigige i npl ant
according to the invention herein. Figure 6a-c are side

el evat i onajncithR¥st drlotier Eﬂﬁfn@%&s ktef 126 UOﬁEﬁl%ﬁdﬁing Vih daiebé fotnd dver
exhi biti ng shape-nenory according to invention herein.

Cranial X which can coagulated and divided, step 128. To verify the effectiveness of the
coagulation, the anesthesiologist, under the direction of the surgeon or an assistant, can
perform a Valsalva maneth;,r on the subject.

Next, while gently elevating the cerebellum, step 130, the lower cranial
nerves can be identified. When Cranial IX and Cranial X are l_ocate;l, the adjacent
cerebellar tissue can be separated therefrom, and the pia-arachnoidal traebeculae, or
chordae, can be sharply transected, step 132. The separation of the cerebellar tissues
from the cranial nerves is similar to opening a book, in that the cerebellar tissue should
be gently lifted, and not compressed. The choréid plexus of the lateral recess of the
fourth ventricle can be very vascular but, if it is necessary that it be coagulated, the heat
transmitted to Cranial IX and Cranial X should be minimized. Then, the surgeon can
expose the right lateral medulla and the root entry zones of Cranial IX and Cranial X,
step 134. With the preselected portion of the brain step thus exposed, the surgeon can
identify those blood vessels which impinge upon the preselected region.

Frequently, a loop of the vertebral artery, typically the posterior interior
cerebellar artery (PICA) and, occasionally, the anterior inferior cerebellar artery (AICA),
will be seen compressing and grooving the right latéral medullé ina subject with
NIDDM. The aforementioned arteries are part of the vertebral-basilar artery system, and

can alone, or in concert with others of this system, compress the surface of the brainstem,

and _déeply groove it.



Figure 7 is a flow diagram of the overall surgical procedure according to

t he ‘i nventi on herein. Figure 8 in an illustration of the
top rear view of a surgical subject lying in a left lateral recunbent
posi tion. Figure 9 is a flow di agram of one enbodi nent of

pericerebellar procedure according to the invention herein.
Figure 10 is a flow di agram of one enbodi_qﬁrlt of a m crovascul ar
deconpressi on procedure according to the invention herein.

The process of microvascular decompression, method 150 in Figure 10,
generally corresponds to step 108 in Figure 7. Once the surgeon has visualized the
offending arteries, step 152, those portions-of the blood vessels which are distal to the
point of maximum compression are mobilized from the brainstem surface, step 154. As
each successive portion is mobilize;l, a shredded plaétic felt neurovascular bridge implant
can be interposed between the artery and the brain stem, step 156. The mobilization of
the blood_vessels and the interposition of the.f_elt implants are repeated, moving in the
direétion of the point of maximum compression, step 158 until sufficient decompression
is achieved. Multiple felt implants may be placed between the blood vessels and the
medulla until the blood vessels start to move off of the medulla.

However, in many situations, the offending blood vessels, especially if it
is an artery of a large diameter, will continue to distort the medulla even though it is held
off of the area of prior compression by the shredded plastic felt implants. In this
situation, the surgeon can shape and interpose, step 160, the preconfigured thermoplastié
neurovascular bridge implants, which will reconfigure to the predétermined shape, upon
exposure to body temperature for a predetermined time period. In general, the convex
side of the implant is oriented away from the médulla. .When the. tﬁermoplastic implant
is put into place, it typically becomes loosely anchored by its shape anteriorly,
ipsilaterally, and contralaterally, as it reconfigures in accordance with its shape-memory,
thus holding the offending értery éway from the medulla. In addition, the medulla is

supported away from the heat-sensitive implant by the configuration of the implant.

a



DESCRI PTI ON OF THE | NVENTI ON The invention herein provides a
met hod and devices for treating a neuroendocrine disease that is caused or
exacer bated by vascul ar conpression of the brainstemand the associ ated
cranial nerves. By initiating and maintai ning deconpression of the

rel evant neural tissue, the di m nished neuroendocrine servonechani sns can
be encouraged to regain sufficient functjgoning as to effect the
elimnation or long termanelioration of the target neuroendocrine di sease,
e.g., N DDM I n one enbodi ment of the present invention, it
is preferred to treat N DDM by effecting m crovascul ar deconpressi on of
the right wsu, additionsld¢lt implemts maydisiinterresed, stepd 62nid dasizess taprovidgithe h and
tenth cranial nerves (Cranial | X and Cranial X, respectively) using

m crosur gi gadireli e Brek @8 SSpardiondetwden the SHGdNg bisodwelstlsand it brafinitah. nerves
can be obtal ned by perform ng, for exanple;, a retromastoid crani ectony,

While specific embodiments of practicing the invention have been
described in detail, it will be appreciated by those skilled in the art that various
modiﬁca;ions and alternatives to those details could be developed in light of the overall
teachings of the disclosure. Accordingly, the particular arrangements and methods
disclosed are meant to be illustrative only and not limiting to the scc;pe of the invention

for which is to be given the full breadth of the following claims, and any and all

embodiments thereof.



foll owed by a pericerebellar procedure which includes transection of the
meni nges and traversal of the cerebellumto the nmedulla oblongata: Wth
the vertebral -basilar arteries thus visualized, the surgeon can performa
m crovascul ar deconpression of those pulsatile vessels-which are _
conpressing, or even grooving, the surfaces of the nmedulla and cranial

B:;\e/fls'el views of the bl-gi)gur\?egslelssaa?a’ts ea[)a\s“ee\(l)vf OI hﬂmmmmﬂ"ﬂmm

cranial nerves. Visible fromthis view are medul |l a obl dngéta‘ 2,* basi l*ar
artery 3, and the bifurcated vertebral artery 4. A rel evant branch of
basil ar art€IAIMS$:s anterior inferior cerebellar artery (AICA) 5, and of
vertebral artery 4 is posterior inferior cerebellar artery (PICA 6). The
| eft portion of cerebellum7 is shown,

1. A method for relieving pressure from a preselected region of the

brainstem within the cranium of a subject, the subject having a disorder of the normal
neuroendocrine servomechanism, the pressure resulting from the compression of the

region by a blood vessel, the method comprising the steps of:

a. gaining access to the préselected region using a first preselected
surgical technique;
| b."  exposing the preselected region according to a second preselected
surgical technique;
c. lifting the blood vessel from at least a portion of the region

according to a third preselected surgical technique, thereby providing the pressure relief,
the neuroendocrine servomechanism being responsive to the pressure relief on the
region; and

d. inserting a neurovascular bridge implant between the blood vessel

and the preselected region, the implant maintaining the pressure relief.

2, The method of claim 1, wherein the first preselected surgical

technique is a retromastoid craniectomy.

3. The method of claim 1 wherein the second preselected surgical

technique is a pericerebellar procedure.

4.  The method of claim 1 wherein the third preselected surgical

technique is microvascular decompression. — —
ThlS Sheet Has Been Replaced .




and the right portion is renoved to show occipital |obe 8 Oher visible
neural structures include Cranial |IX, nerve 9 and Cranial X, nerve 10.
Figure 1 shows that arteries 3-6, and their bran ; ' i mat e

to, if not in contact with, nedulla oblongata 2. As_an indiVj | _ages,
and as heredity dictates, all arteries in the brai nuullllﬂ ICl“IHIiMI es
3-6, tend to enlarge. In some cases, suchyas withn " _
arteries 3-6, alone or-in conbination, Can conpress the surface of the.
medul | a obl ongata 2, near the root entry of nerves 9 and 10, and nay cause

grooving of the medullary tissue. Because of the pulsatile nature of the
bl ood fl ow through arteri tends to be pulsatile

3-6 he compressi,o ]
conpression. It is beriev q'ﬁﬁtpoéﬂfgléwnﬁ)é"el@fﬁ%F essiectsd regien inclpdes a
I l, I | h [ f th I
\r/ggIJI gt gﬁ 52‘%5%8? - ghﬁﬂétgm%gﬁﬁea frzon(f &%%?gupt co%sgtelggr g g IrIegIlIlla? oblong6ata(‘,:l Heose

portion and a tenth cranial nerve portion.

6. The method of claim 1 wherein the blood vessel is an artery and

the compression is pulsatile compression.

7. The method of claim 5 wherein the blood vessel is an artery and

the compression is pulsatile vascular compression.

8. The method of claim 7 wherein the artery selected from the group
consisting of the basilar artery, the vertebral artery, the anterior inferior cerebellar artery,

the posterior inferior cerebellar artery, and branches and combinations thereof,

9. The method of claim 5 wherein the medulla oblongata portion

includes the right ventrolateral medulla oblongata.

10.  The method of claim 1 wherein the pressure relief ameliorates

_non-insulin-dependent diabetes mellitus.
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acts in concert with the subject's internal mli eu. - Figure
2 is the top view of a cross-section of nedulla oblongata 20 that is
conpressed by vertebral artery |oop 22 near the root entr the
right branch 23 of Cranial X. Branch 23 prOV|deS”Tﬁé flbers of e vagus
nerve which innervate the abdom nal V|scera |ncI as and
the onentum The conpression of region 4- by puI n di srupt
nor mal neuroendocrine activities and Iea fo aberr c gFuc se’ and i nsulin
regul ation. As the course of N DDM progresses, |oop 22 can enlarge further
and becone sclerotic, producing even greater conpression of region 24.
Eventual Iy, such prolldngedlhepmethod sfclaim ¢ ovherein sheareusdendogrimn 24 can
severely dimnish, if not extinguish, the neuroendocrine activities of

region 24, s@RgmbéHaaidnt pleIMARS %%m@ﬁ!@@%@ @5)€et A8 AR ssukd FeRYLARER Stes

However, by m crovascul ar de ression o
non-insulin-dependent diabetes mellitus.

12.  The method of claim 4 wherein the compressidn is pulsatile
vascular compression and the blood vessel is selected from the group consisﬁng of the
basilar artery, the vértebral artery, the anterior inferior cerebellér artery, the posterior
inferior cerebellar artery, and branches and combinations thereof, and the medulla

oblongata portion includes the right ventrolateral medulla oblongata.

13. The method of claim 1.wherein the neurovascular bridge implant
is one of a preconfigured shredded plastic implant and a preconfigured thermoplastic

implant.

14.  The method of claim 13 wherein the preconfigured shredded

plastic implant is made of poljtetraﬂuoroethylene.

15.  The method of claim 13 wherem the preconfigured thermoplastic
unplant has a shape-memory function, whereby said preconfigured thermoplastic implant
returns to a preconfigured shape upon urging of the subject’s body temperature to

maintain the pressure relief,

This Sheet Has Been R
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Extra Large Length 10-15 mm 10-15 mm

10-15 nm W dth 4-5 mm 5 mm
5-6 mm  Thi ckness 4-5 mm
5-6 mMm *Wedge width is neasured at w dest point e |rrp ant .

m d- poi nt, a wedge can be as wi de as a ci gar-shape ar abl e
| engt h. To enhance the t'zfsue corrp%j!memm;“ “ ﬂt“m‘;?'
felt inplants, at |east-a portion of th&"inplant aoa svmt
'silicone. Each of the inplants can be protectively packaged to protect
agai nst inplant fiber conpaction, which nay tend to cause the in-situ

implant to transmit & eriEie methedof claim 1§ villeesin tegqresvnfigatedaheriviophagtic
implant is made of a polyurethane-based material having a glass-transition temperature

of between about 20°C and about 60°C and a transition band of about 8°C.

17. A method for relieving pressure from a preselected region of the
brainstem within the cranium of a subject, the subject having a disorder of the normal
neuroendocrine servomechanism, the pressure resulting from the compression of the
region by a blood vessel, the method comprising the steps of

a. gaining access to the preselected region using a first preselected

surgical technique, the preselected region including the right lateral medulla oblongata;

b. exposing the preselected region according to a second preselected
surgical technique;
c. lifting the blood vessel from at least a portion of the region using

the microvascular decompression technique, thereby providing the pressure relief, the
neuroendocrine servomechanism being responsive to the pressure relief on the region;
and

d. inserting a neurovascular bridge impiant between the blood vessel

and the preselected region, the implant maintaining the pressure relief.

18.  The method of claim 17, wherein the first preselected surgical

technique is a retromastoid craniectomy.

19.  The method of claim 17 wherein the second preselected surgical

———————

———

technique is a pericerebellar procedure.
- This Sheet Has Been Repj
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Al so, instead of a pre-cut inplant, inplant 90 may be derived froma
| onger, multi- stranded yarn of shredded PTFE of a presel ected thickness.
In the latter case, the surgeon could tear off the inptant—matertal—at-the

presel ected length prior to insertion into the subje
Figures 6a-c illustrate the shape-nmenory function tha[[lﬂ'uﬂ,mm&wull
t her nopl asti ¢ neurovascul ar bridgeirrpla:# 92. In Figuk 'L 292 s
formed into a preconfigured shape at a fffst tenperature. It is preferred
that inplant 92 be soft and pliable at roomtenperature (about 25[err]C).
During the m crovascul ar conpression procedure, the surgeon, or an
assi stant, can tenporarily reforminplant 92, Figure 6b, at a second
temperature, such as 20eom Thepethad of elain h7 whereimthedleddavesse] isamanteryand f or
interposition into the subject's brain between the offending bl ood
vessel (s) adhricampressigmis pyisatile oompression, and the artenyris sglegtedfram the geoupeat of
t he subject's ,body f(tﬁg .. about tI’:»;G[err]q e

consisting of the basilar artery, the vertebral artery, the anterior inferior cerebellar artery,

the posterior inferior cerebellar artery, and branches and combinations thereof.

21.  The method of claim 20 wherein the neuroendocrine
servomechanism includes the pancreas of the subject and the pressure relief ameliorates

non-insulin-dependent diabetes mellitus.

22.  The method of claim 17 wherein the neurovascular bridge implant
is one of a preconfigured shredded plastic implant and a preconfigured thermoplastic

implant.

23.  The method of claim 17 wherein the preconfigured shredded

plastic implant is made of polytetrafluoroethylene.

24.  The method of claim 17 wherein the preconfigured thermoplastic
implant has a shape-memory function, whereby said preconfigured thermoplastic implant
returns to a preconfigured shape upon urging of the subject’s body temperature to

maintain the pressure relief.

This Sheet Has Been Replaced




direction. Figure 4e illustrates vertebral artery 58 pushing a | oop of PICA
57 into right lateral nedulla oblongata 50. Figure 4f shows doli choect atic

vertebral artery 58 conpressing right |ateral nedcrH-a—ebJ—engaLa_S
cause groove 50. Figure 5 is an illust; g!’on of a soft

bi oconpati bl e, shredded-plastic bridge inplant 90 {'m#mgmrsed of
multiple fibers, or whiskers, of PTFE, ?}pg have a

| npl ant 90 may be, for exanple, cylindef-, box-, cigar- or vvedge- *shaped,
fl att ened- ovoi d- shaped, and the |ike. The smallest of inplant 90 may
consist of a few generally soft. and unrolled fibers. Inplant 90 can be
manuf actured with a 25. The method of claim 24 wherein the preconﬁgured thermoplastic

implant is made of a polyurethane-based material having a glass-transition temperature

of between about 20°C and about 60°C and a transition band of about 8°C.

26. A neurovascular bridge implant for relieving the pressure between
a Blood vessel and a preselected region of the brainstem, said implant comprising one of

a préconﬁgured shredded plastic implant and a preconfigured thermoplastic implant.

27.  The implant of claim 26 wherein the preconfigured shredded

plastic implant is made of polytetrafluoroethylene.

28.  The implant of claim 26 wherein the preconfigured thermoplastic
implant has a shape-memory function, whereby said preconfigured thermoplastic implant
returns to a preconfigured shape upon urging of the subject’s body temperature to

maintain the pressure relief.

29.  The implant of claim 28 wherein the preconfigured thermoplastic
implant is made of a polyurethane-based material having a glass-transition temperature

of between about 20°C and about 60°C and a transition band of about 8°C.
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presel ected shape, width, thickness and |ength, and packaged as a kit al ong
wi th other PTFE inplants having different preselect ed shapes, w-dths,
t hi cknesses and lengths. Table 1 describes exenprary |engths, w dths,

Itm)lc;ztesggs and presel ected configurations for CTMM‘T“‘PME@“S of

Cl GAR - BOX 25 WEDGE* *  Smakl " Lengt h
5 mm 5 mm TelT 5 m Wdth

2 mm 2 mm- 2-3 mm Thickness

2 mm 1 nm - 2-3 mMm  Medium Length
6-8 mm 306- 8 The implant of claim 26 wherdin herpreseliictitdregion of the
gg nm 3 mMm 3-4mm Thi ckness

-3 mm

brainstem include a%reBi0h of the brainstem selected¥rém The grohp cOsisting of a

medulla oblongata portion and a tenth cranial nerve portion.

31.  The implant of claim 26 wherein the blood vessel is an artery and

the compression is pulsatile compression.

32.  The implant of claim 30 wherein the blood vessel is an artery and

the compression is pulsatile vascular compression.

33. A neurovascular bridge implant for relieving pressure from a
preselected region of the brainstem within the cranium of a subject, the subject having a
disorder of the normal neuroendocrine servomechanism, the pressure resulting from the
compression of the region by a blood vessel, the implant comprising one of a
préconﬁgured shredded plastic implant and a preconfigured thermoplastic implant
wherein the neuroendocrine servomechanism is responsive to the pressure relief on the

region and the implant maintains the pressure relief.

34.  The implant of claim 33 wherein the pressure relief ameliorates

non-insulin-dependent diabetes mellitus.
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Lengt h, 7-10 nmm 7-10 mm 7-10 mm
W dt h 4 mm 4 mm___ 4-5 mm
Thi ckness 4 mm 2 mm . T TT——4-5 mm

DB Lot B mmnmnulmﬁﬂmﬁlrm

5-6 mm  Thi ckness
5-6 mMm *Wedge width is neasured at V\n(%est poi nt of the |an ant At
m d- poi nt, a wedge can be as wi de as a cigar-shaped i nplant of a conparable

| engt h.
J 35. The method of claim 33 wherein the neuroendocrine

servomechanism includes the pancreas of the subject and the pressure relief ameliorates

non-insulin-dependent diabetes mellitus.
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To enhance the tissue conpatibility of the PTFE felt inplants, at |east a
portion of the inplant may be coated with silicon. Each of the inplants can
be protectively packaged to protect against inplant fiber conpaction,
which may tend to cause the in-situ inplant to transmit arterial

pul sations to the adjacent neural tissue. Also, instead of a pre-cut

i npl ant, inplant 90 may be derived framm-longer, multi- stranded yarn of
shredded PTFE of a preselected thickness. In the latter case, the surgeon
could tear off the inplant material at the preselected length prior to
insertion into the subjecwegmgg a-c illustrate the
shape-nenory function that Mt I ¢ neurovascul ar
bridge inplant 92. In Figure 6a, inplant 92 is formed into a preconfigured
shape at a first tenperat uMETHOD ANDABPARATUS,FORp| ant 92 be soft and
pliable at room t eNBEAKMENT OFNEURQGENICDIABRTEfMEILIFUS, ovascul ar
conpr essi on AND OTHER CONDITIONS

A method and implants provide for relieving pressure from a region of the
brainstem within the cranium of a subject with a neuroendocrine servomechanism. The
pressure results from the compression of the region by a blood vessel. The method
includes gaining access to the region using a first surgical technique; exposing the
region according to a second surgical technique; lifting the blood vessel from the region
according to a third surgical technique, thereby providing the pressure relief; and
inserting a neurovascular bridge implant 45a-d between the blood vessel and the region
to maintain the pressure relief. The neuroendocrine servomechanism is responsive to
the pressure relief on the region, causing amelioration of a disease. One
neuroendocrine servomechanism can include the pancreas of the subject, and the
pressure relief ameliorates non-insulin-dependent diabetes mellitus. The neurovascular
bridge implant 45a-d can be a preconfigured shredded plastic implant, made of
polytetrafluroethylene, or a preconfigured thermoplastic implant, made of a
polyurethane-based material having a glass-translation temperature of between 20°C to

60°C and a transition band of about 8°C.

Fig. 3



procedure, the surgeon, or an assistant, can tenporarily reforminplant 92,
Figure 6b, at a second tenperature,. such.as roomtenperature, into a shape
that is convenient for interposition into the subject"s brain between the
of fendi ng bl ood vessel (s) and the brainstem In tinme, as seen in Figure
6c, the heat of the subject's body (e.g., about 36[err]C to
about 37.5[err]C) causes inplant 92 to ygturn substantially to the
preconfigured shape given in Figure 6a. To facilitate sel ection and

pl acenent, inplant 92 can have a color- coded portion, which coding can

i ndi cate inplant size, final shape, and orientation of the
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I mpl ant curvature. Although inplant 92 is shown to be generally arcuate in
shape, .other presel ected configurations also can be used.

One such bioconpatible inplant naterial is Shape Menory Polyner (SMP) by
M t subi shi Heavy Industries, Tokyo, Japan. SMP is a "smart" pol yurethane-
based material that can transformits shape and hardness, and be returned
toits original shape. The material canzbe¢ forned into a "l earned" shape
at a particular tenperature and then cooled, thus form ng the shape
menory. |Inplant 92 may be shaped yhitjg nfiguration by the surgeon that
facilitates insertion. \Wen SWP i's rék@at&d; inplant 92 "renenbers" the

| ear ned shape. The range of hardness to softness.can be custom zed, and a
broad range of transition tedperatures can be e osen. Softening can be made
to occur at standard gl a ' 25[err]C, 35[err]C,
and 8[err]C. Using
SMP, inplant 92 can he € d\Jsi on, coati ng,




Figure 7 describes the overall nethod 100 according to the invention
herei.n. In general, method 100 includes a preoperative preparation, step
102, of the surgical subj ect whi.ch can include anesthetizing and
positioning the subject for convenient access during surgery. For exanple,
i n one enbodi nent of the present invention, the subject can be brought to
the operating room given general anest é%ia and placed in the left

| at eral dec |tus p ton, as seen in Figure#§72hg? Q?gﬁpct s "head

can be i tézd 3- poi nt head hol der urt o} ‘t he subject's
neck can be
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pl aced on the head hol der stretch with the chin slightly flexed, the head
rofated slightly to the ipsilataral side and lateral flexion slightly to
the contral ateral side. The right shoulder can be held out of .the way.
Continuing in Figure 7, with the subject thus prepared, the surgeon can
enter the cranium step 104. I n one enbodi nent of the
present invention, it is preferred that a retromastoid crani ectony be

per formed, although other approaches naﬁ/Be used. A retronmastoid incision
200 can be nmade parallel to and behind the right ear 202 of subject 204 to
| ength of approximately three to six centineters, as seen in Figure 8. The
| ength of the inci n can depend upon the configuration, size of
build, |evel of obe?; degree of nuscul ature of the patient. For
certain brachyceph bj ects, a smaller bony ng AP ose to the
mast oi d process may be indicated, because of th€ nore nedial-to- lateral
presentation of the cranlal ;;;, SHHEE ofl ) Wth

t he opening incision medg.steTDSt asis—ean be ~4;__‘é==-=iﬂe soft




tissues, and a right lateral retromastoid crani ectony can be perforned,
whi ch goes down to the floor of the occipital plate. The opening into the
cranial vault can be approximately 2.5 cmby 3.0 cm Al so, the edge of the
exposed crani al bone can waxed to achieve henostasis, and seal off the
bone air cells. Next, in Figure 7, the surgeon can transect
t he nmeni nges a raver t he subject §/¢erebellun1u5|ng a presel ected
pericerebellar}?t r , step 106, to gain access to the brainstem It is

i nportant that the rrgeon enpl oy—a—stubstanttat—degree of gentl eness,
restraint, ~and patience to presefvepthe sa@dtsréel Y sensitive cerebellar
ti ssues. : Pregiiatknl  ~— 102
700"\\\\‘- l
Enter
Cranium ——— 104

l

Traverse N e 106

Cerebellum

i

Microvascular 108
Decompression —

l

Close Wound/
Post Op. ——— 110

Care

200




It also is inmportant that no artery be torn or perforated. One enbodi nent
of step 106 is described in greater detail in the context of Figure 9.
Once the brainstemand the conpressing arteries are exposed, the surgeon
can perform m crovascul ar deconpression, step 108, of the brainstem and
the cranial nerves which affect the target neuroendocrine regulatory
system One enbodlnent of step 108 is degygribed in the context of Figure

10. g/?e rgeon has corrpl eted the mcrovascul ar
deconpressi on, step <10 subj ect's incision can 172@d in an
accepted fashion. Prior ta closing the incision, Wi rrigation can be
perfornmed on the cerebellumusing a bal anced g_al_t solution, after which
the dura mat Er can be closed in a watertight fashion. Next, the renoved
crani al bonej chi | asty can be performed, 4nd
the exteriof incision be closed in a typical yway, such as, for exarrpleI

W th sutures, Th subj ect cafpeaxei ve postoper-a%g care, step 110, of the

nd

type that is routinely proBRiuded Matesubj ects ul i pg oA posterior fos§a
operation. :
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Flgure 9 descri bes one enbodi nent: of the procedure 120 used to traverse

thé gerebel lum herein called the peri cerebel | ar procedure, which
corresponds to step 106 in Figure 7. After opening the bone, the dura
mater is opened, step 122, low and laterally, and is sewn out of the way.
Next, the surgical mcroscope can be brought into place, and set at medium
to high power forﬁgﬁﬁgr er of the TAfradural part_of thgggoperation. A
rubber dam and co#t ortoj be placed over the cerepel |l um al so | ow and

| aterally. A self-retalnlng m crosurgical retractor aith a narrow bl ade can
be used tor elevate the terebet Fum fronTt fle~oTcT prtal™ pt at e; step 124, —andy
t hen nove the cerebellar tissue |aterally, w thout conpressing it. Access,
into the Sluba achtrot-d—space—canbe
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preconﬁgured shredded plastic implant and a preconfigured thermoplastic implant.

2.

made of polytetrafluoroethylene.

3.

‘The implant of claim 1 wherein the preconfigured shredded plastic implant is

~ The implant of claim 1 wherein the preconfigured thermoplastic implant has a

shape-memory function, whereby said preconfigured thermoplastic implant returns to

a preconfigured shape upon urging of the subject's body temperature to maintain the

pressure relief.

4.

The implant of claim 3 wherein the preconfigured thermoplastic implant is

made of a polyurethane-based material having a glass-transition temperature of

between about 20°C and about 60°C and a transition band of about 8°C.

5.

The implant of claim 1 wherein the preselected region of the brainstem

includes a region of the brainstem selected from the group consisting of a medulla

oblongata portion and a tenth cranial nerve portion.

6.

compression is pulsatile compression.

7.

compression is pulsatile vascular compression.

The implant of claim 1 wherein the blood vessel is an artery and the

The implant of claim 5 wherein the blood vessel is an artery and the
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The process of mcrovascul ar deconpression, nethod 150 in Figure 10,
general |y corresponds to step 108 in Figure 7. "Once the Surgeon has
visualized the offending arteries, step 152, t ol fagt he bl ood
vessel s which are distal to the point-2f- maxi nqmﬁmle“ﬁnﬂu("é“# nobi | i zed
fromthe brainstemsurface, step 154. As each SUCCESSILVEKPOSLiON i S

nobi | i zed, a shredded plastic felt neurovascul ar bridge inplant can be

i nt er posed_ betwgen the . anter.y i .
mobi | |zt B of A o eBUH bHA@Dpa 15 Ry e HkeH L okrf prefted |
i mpl ant's - apgid oM ainseit Within'thé beaniudh béatsubjectithe hubjemibavingfa disoriderim

conpression,” step 158 unti|l sufficient deconpression is. achi ev%d. Mul tiple
felt inpl aof themoymabnenraendocring spruemechanisme dke Pressie Jesiing Hem the

compression of the region by a blood vessel, the implant comprising one of a

preconfigured shredded plastic implant and a preconfigured thermoplastic implant
wherein the neuroendocrine servomechanism is responsive to the pressure relief on

the region and the implant maintains the pressure relief.

9. The implant of claim 8 wherein the pressure relief ameliorates non-insulin-

dependent diabetes mellitus.

10.  The method of claim 8 wherein the neuroendocrine servomechanism includes
- the pancreas of the subject and the pressure relief ameliorates non-insulin-dependent

diabetes mellitus.

11. A neurovascular bridge implant for relieving preésure between a blood vessel
and a preselected region of the brainstem, the pressure resulting from the
compression of the region by said blood vessel, the implant comprising one of a
preconfigured shredded plastic implant and a preconfigured thermoplastic implant,
said implant being shaped and sized to fit between said blood vessel and said
predetermined region of the brainstem and being positioned between said blood
vessel and said predetermined region of the brainstem, wherein the implant relieves
the pressure between the blood vessel and the preselected region and maintains the
pressure relief, the pressure relief ameliorating a disorder of the normal

neuroendocrine servomechanism.

12.  The implant of claim 11 wherein the neuroendocrine servomechanism includes
the pancreas of the subject and the pressure relief ameliorates non-insulin-dependent

diabetes mellitus.
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medul I a until the bl ood vessel's start to nove offW
However, in many situations, the offending blood vessels f it
Is an artery of a large dianeter, will continue toslﬂm im i‘!’E La even
though it is held off of the area of-pfiLor conpre redded

plastic felt inplants. In this situation, the surgeon can shape and
I nt erpose, step 160, the preconfigured thernoplastic neurovascul ar bridge

o body &‘;‘ C& BeuropbESaF bk e 0F R e SrhRBRE b1 Rend OO UL
si de of t @ctéd%egfdnedﬁtﬁé biditerh! A8 préRurE@uiting fiohe thet he -

t her nopl as |c |np S put into place It typlcally becones Ioosely
anchor ed bymptessishaf¢hearegion by kaid blaodsvessel othg|iinplans eemprsing snaoeal | y, as

of f endi ngDHCPBRGUAN PR PERIS raklat 1 FYeSRRret termBp bt "
of f endi ng s
fﬁgfg [}E edszﬁmpiz{n? BeingSshipat arkefisidt oVl Befbe ¥aidBlobl vesseNhbdisdi@t i on of the

predetermined region of the brainstem and being positioned between said blood -
vessel and said predetermined region of the brainstem wherein the implant relieves
the pressure between the blood vessel and the preselected region and maintains the

pressure relief, the pressure relief ameliorating non&nsulin—dependent diabetes

mellitus.

14.  The implant of claim 13 wherein the preconfigured shredded plastic implant is
made of polytetrafluoroethylene.

15.  The implant of claim 14 wherein at least a portion of the

polytetrafluoroethylene implant is coated with silicon.

16.  The implant of claim 13 wherein the preconfigured thermoplastic implant has
a shape-memory function, whereby said preconfigured thermoplastic implant returns
to a preconfigured shape upon urging of the subject's body temperature to maintain

the pressure relief.

17.  The implant of claim 16 wherein the preconfigured thermoplastic implant is
made of a polyurethane-based material having a glass-transition temperature of

between about 27°C and about 60°C and a transition band of about 8°C.

18.  The implant of claim 13 wherein the implant comprises a layer of shredded

polytetrafluoroethylene felt provided on the preconfigured thermoplastic implant.

e
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8. . A neurovascul ar, br | dge inplant adapted to _relieve pulsati-ng—pressure
froma preselected region of the brainstemw thin the craniumof a; subject,

t he subj ect having a disorder of the normal neur “mml‘l)m“)mﬂ”mechani_sm '
the pressure resulting fromthe conpresgpan of tm et 8 ood
vessel, the inplant conprising one of a preconfigdrell shrdddéd pl astic

i npl ant and a preconfigured thernoplastic inplant wherein the -

neur oendocr,pne r v.onec [ [ ' L pres elief on the
neur oendochbie SHATRARYR R B RGERNEE YibiReb SepoR St ortlsdl o0 L

of cl ai m 8 jyingie8iareigith oF @ Drdifstil seRtted TRirh M pRap tofsibtifpUof Hmed@IREndent

di abetes nellitus. 10. The nethod of claim erein the neuroendocrine
ser vonechaoblmgataqontiers andha tenih cranial nerverpastisubj ect and the pressure rel i ef
anel i orates non-insulin-dependent diabetes nellitus.

20.  The implant of claim 19 wherein the blood vessel is an artery and the

compression is pulsatile vascular compression.

21.  The implant of claim 13 wherein the blood vessel is an artery and the

compression is pulsatile compression.

22. A neurovascular implant for relieving pressure between a blood vessel and a
preselected region of the brainstem, the pressure resulting from the compression of
said region by said blood vessel, the pressure relief ameliorating a disorder of the
normal neuroendocrine servomechanism, said implant comprising:

a bridge composed of a soft biocompatible material;

a first portion of said bridge configured to structurally support said blood
vessel a distance from said region of the brainstem; ,

a second portion of said bridge configured to span said region of the
brainstem to maintain the decompression of said region; and

said second portion being generally on an opposing side of said bridge from
said first portion and having a surface to support the medulla in a direction away
from said implant to maintain separation between said blood vessel and said region of

said brainstem.

23.  The implant of claim 22 wherein said implant further includes a layer of

generally soft fibres to avoid arterial pulsation to be transmitted to said region.

24.  The implant of claim 23 wherein said layer E)f soft fibres are soft unrolled

fibres.
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11. . A neurovascul ar. bridge inplant adapted to relieve pul sating pressure
bet ween a bl ood vessel and a presel ected region © t e brainstem the
pressure resulting fromthe conpression of the re “I“ vessel,
the inplant conprising one of a pr econﬂBgur ed shr mﬂm “ m ant and
a preconfigured thernoplastic inplant, said inplant+being sMapéd and sized
to fit between said blood vessel and said predeterm ned regl on of the

br ai nst ls id
pigldgférem%gd rglgllgglﬁgﬁﬁi ﬂf’qg@gal ns\é?é?ﬁ'saiﬁ'el?yee!?rl]é)eﬂrg I np ant re Ieves t he

pressure bpély&&aﬂumemymnd felessel and the presel ected region and mai nt ai ns
the pressure relief, the pressure relief anelloratlng a di sorder of the

nor mal neur oendocri ne servomachanl sm - The inplant of claim 11
wher ei n t hg, neu e
subj ect and 't heﬁqgggqgﬁa?l{egf%l F@Jgsii Ur %Egl nsg{l ;lS:IesE 1%“?ﬁltogbet es

mel litus. silicon.

27.  The implant of claim 22 wherein said second portion is generally shaped to
conﬁguré to the shape of the medulla adjacent to said compressed region of said -

brainstem to permit further decompression of said region after implantation.
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13. A neurovascul ar _bridge inplant adapted to relieve puI sating pressure
bet ween a bl ood vessel and a presel ect ed regdﬁ‘f’r S ey ;ﬁST"eWt"h'G"""E}"""’""
00
ey

pressure conpressi on of t ery 84l : vessel
the i npl a m’mm 'mmummrof a pr eco&pgure %gj’gl éf_" _'gc ih ?%ﬂl gnd
a preconfiguréd thetmopl astic inplant;” said ilnpl & bei ng-e gp ‘0= a ”cf?gl “Zed
to fit between said bl ood vessel and said prédete_ BHion- o? PHEd e
brai nstem and bei ng positioned between said It;l bod-VESSel * Bfg sat @ paged ...

pr edet er GLAINMS egi on of the brainstemwherein the inplant relieves the
pressure between the bl oodvessel and the preselBcted‘:re@iﬁhpﬁndﬂlﬂnhf’mm ns
the pressure rellef the pressure relief anelloratlng non- |nsu||n dependen

di abet esg el | j

preconfi bur ed s rov e%ﬂ?orl %rsltébe ﬂrr‘%[}tgaqu%ptle&é s ie%#i% %Yr])?/{t@??)a uor oet hyl ene.
15. Thisetiwegl arto!locdf vesaliand iprebeleated regior eiame baaipsiem| eaid dinplane

pol ytetrafl uoroethyl ene inplant is coated with silicone. lét;L6. The

i npl ant SMRHEHPRSOhA Preqontigwied shedded plastie HmpIRRY 3Rd BESCPRIGUH ant has a
shape- ”E{ﬁ‘eﬁ}{ I;H& Iaf wher eby said preconfigured thernoplastic inplant
returns precon gured shape upon urging of the subject's body
tenperature to maintain the pressure relief.

—+

2. The implant of claim 1 wherein the preconfigured shredded plastic implant is

made of polytetrafluoroethylene.

3. The implant of claim 1 wherein the preconfigured thermoplastic implant has a
shape-memory function, whereby said preconﬁgured thermoplastic implant returns to
a preconfigured shape upon urging of the subject’s body temperature to maintain the

pressure relief.

4, The implant of claim 3 wherein the preconfigured thermoplastic implant is
made of a polyurethane-based material having a glass-transition temperature of

between. about 20°C and about 60°C and a transition band of about 8°C.

3. The implant of claim 1 wherein the preselected region of the brainstem
includes a region of the brainstem selected from the group consisting of a medulla

oblongata portion and a tenth cranial nerve portion.

6. The implant of claim, ] wherein the blood vessel is an artery and the

compression is pulsatile compression.

7. The implant of claim 5 wherein the blood vessel is an artery and the

compression is pulsatile vascular compression.
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_1?. : The inplant of claim16 wherein the preconfi rﬂgﬂf-‘imﬁﬁ?psmn
I npl ant is made of a pol yur et hane-based material hgvi ng a grass=trgangition

t enperat ure of bﬂeen_abeﬂ% 27[ err] C and about 60 r n§i
band of about 8[err]C - The inplant of claim %erel‘wﬁf

conpri ses lm‘!‘ep pol yt et rafl uor oet hyl ¢
preconfi guﬂwnmu ‘“ ﬂ i mpl ant . o) 1p. The i npl ant

13 wherein t*hetprése ected regl on of tA€ brainstem I nclude
brai nstem sel ected fromthe group consisting of a nmedulla oblongata portion
and a tenth cranial nerve portion.

8. A neurovascular bridge implant adapted to relieve pulsating pressure from a

preselected region of the brainstem within the cranium of a subject, the subject
having a disorder of the normal neuroendocrine servomechanism, the pressure
resulting from the compression of the region by a blood vessel, the implant
comprising one of a preconfigured shredded plastic implant and a preconfigured
thermoplastic implant wherein the neuroendocrine servomechanism is responsive to

the pressure relief on the region and the implant' maintains the pressure relief.

9. The implant of claim 8 wherein the pressure relief ameliorates non-insulin-

dependent diabetes mellitus.

10.  The method of claim 8 wherein the neuroendocrine servomechanism includes
the pancreas of the subject and the pressure relief ameliorates non-insulin-dependent

diabetes mellitus.

11. A peurovascular bridge implant adapting to relieve pulsating pressure between
a blood vessel and a preselected region of the brainstem, the pressure resulting from
the compression of the region by said blood vessel, the implant comprising one of a
preconfigured shredded plastic implant and a preconfigured thermoplastic implant,
said implant being shaped and sized to fit between said blood vessel and said
predetermined region of the brainstem and being positioned between said blood
vessel and said predetermined region of the brainstem, wherein the implant relieves
the pressure between the blood vessel and the preselected region and maintains the
pressure relief, the pressure relief ameliorating a disorder of the normal

neuroendocrine servomechanism.

12.  The implant of claim 11 wherein the neuroendocrine servomechanism includes
the pancreas of the subject and the pressure relief ameliorates non-insulin-dependent

diabetes mellitus.
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20. The i nplant of claim19 wherein the blood vessel is an artery and the

conpression is pulsatile vascul ar conpression. 21. Elai m
13 wher ei n—t+he—btood vessel is an artery and the co r@ggfﬁﬁgﬁ%@?nﬁh‘& it e

conpr essi on. wascul ar inplant adaptedi{tqg relieve puI S t| ng
pressure bet mgml“ﬁ i“ and a presel ected redi dn 2% MAR W9%i nstjem
t he pressur I'ng Tsom t he corrpresii on of said rlegi on by said bljoqd
vessel, the pressure relief aneliorating a disorder theTnor nal
neur oendocr i ne ser vonechani sm said inplant conprising:. a bridg

conposed of a soft bi oconpatible material; a first portion of sai d
bri dge confidgur édneusowaseular biidga ynw@rgﬁdﬁptlrgamebw‘owlw@g@ eﬁutﬁ bthn@e from

sai d reglon f t he ralnste 0

cont | gur eqb e isel i FBficereq resioa®of BE PR Enfieh, HRhrRteure etying 1%
deconpr essiiRncopiprédidh sfedk Q%mﬁ“&? sald blood yadsel, IRE ﬁﬁ;siamrosﬂp?fsu{g%ﬁ&of a
general ly on an opposi ng si sai d bridge fromsaid first portion and

havi ng a sprecenfagured shroddad: plastis implanit|aad iarpracatifigeredi thernzaplastit rimplasti d
i mplant to |nt|nseaat|onbe ai d bl oo sel nds aid region of
sal ¢ bra nSH1R oD SR8 s b et 56 e bR pEE FRoseLE bl ant
further Pie'd@t%ﬁniﬁeh% n@ﬁn QF tl&e&%ﬁ,{ény af® bbink 'pB5iEidndCbaW e s Ad bdddd!

pul sation to be transnmitted to said region.
vessel and said predetermined region of the brainstem wherein the implant relieves

the pressure between the blood vessel and the preselected region and maintains the
pressure relief, the pressure relief ameliorating non-insulin-dependent diabetes

mellitus.

14.  The implant of claim 13 wherein the preconﬁgured shredded plastlc 1mplant is

made of polytetrafluoroethylene.

15.  The implant of claim 14 wherein at least a portion of the

polytetrafluoroethylene implant is coated with silicon.

16.  The implant of claim 13 wherein the preconfigured thermoplastic implant has
a shape-memory function, whereby said preconfigured thermoplastic implant returns
to a preconfigured shape upon urging of the subject's body temperature to maintain

the pressure relief.

17.  The implant of claim 16 wherein the preconfigured thermoplastic implant is
made of a polyurethane-based material having a glass-transition temperature of

between about 27°C and about 60°C and a transition band of about §'C.

18.  The implant of claim 13 wherein the implant comprises a layer of shredded

polytetrafluoroethylene felt provided on the preconfigured thermoplastic implant.
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24.  The i mpl ant of claim 23 wherein said | ayer of soft flbres are soft

unrol l ed fibres.
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19.  The implant of claim 13 wherein the preselected region of the brainstem
includes a region of the brainstem selected from the group consisting of a medulla

oblongata portion and a tenth cranial nerve portion.

20.  The implant of claim 19 wherein the blood vessel is an artery and the

compression is pulsatile vascular compression.

21.  The implant of claim 13 wherein the blood vessel is an artery and the

compression is pulsatile compression.

22. A neurovascular implant adapting to relieve pulsating pressure between a
blood vessel and a preselected region of the brainstem, the pressure resulting from
the compression of said region by said blood vessel, the pressure relief ameliorating
a disorder of the normal neuroendocrine servomechanism, said implant comprising:

a bridge composed of a soft biocompatible material;

a first portion of said bridge configured to structurally support said blood
vessel a distance from said region of the brainstem;

a second portion of said bridge configured to span said region of the
brainstem to maintain the decompression of said region; and

said second pertion being generally on an opposing side of said bridge from
said first portion and having a surface to support the medulla in a direction away
from said implant to maintain separation between said blood vessel and said region of

said brainstem.

23.  The implant of claim 22 wherein said implant further includes a layer of

generally soft fibres to avoid arterial pulsation to be transmitted to said region.

24.  The implant of claim 23 wherein said layer of soft fibres are soft unrolled
fibres.
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27. ' :rhe i npl ant of claim22 wherein said second portion is generally
shaped to configure_to the shape of the nedulla adjacent to said conpressed

regi on of said. bralnsten1r0- rnt further deconpression of said region
after |nplantat| The inplant of claim13 wherein the
presel ect ed reg| lﬂﬁﬂb? n1|ncludes a region of the brainstem

sel ected fromthe grbup.c g of a dul | a obl ongata portion and a
tenth cranial nerve portion. The |nplant of claim 19 wherein the

bl ood vessel is an artery and the conpression is pulsatile vascul ar

conpr essi on. The i nplant of claim13 wherein the blood vessel is an

artery and %35he T he implant of claim 24 wherein said layer is comprised of shredded

polytetrafluoroethylene felt.

26.  The implant of claim 22 wherein said bridge is comprised at least partially of

silicon.,

27.  The implant of claim 22 wherein said second portion is generally shaped to
configure to the shape of the medulla adjacent to said compressed region of said

brainstem to permit further decompression of said region after implantation.
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conpression is pulsatile conpression. 22. A neurovascul ar i npl ant

adapting to relieve pulsating pressure between a bl ood vessel and a
presel ected region of the brainstem the pressure resulting fromthe
conpression of said region by said blood vessel, the pressure relief
aneliorating a disorder of the nornmal ne@roendocrine servonmechani sm said
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a second portionh of said bridge configured to span sald regi oh of the
br ai nst em t botheippeai to hehprodecss 0P aeksriptionodf thaiinternalimiligu fomgglucose and i d

second portion bein eneral |y .on an opposi ng side af said igdge fromsaid
Frret porti orrvameistingd i R Pt AT shfatiSedanitiete Y tiry KR on

away from sajsgbhidl Hehank, a@@hgh@ﬂve separation between said bl ood vessel and
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atherosclerosis and microvascular complications, NIDDM may be cured, or its
effects be greatly ameliorated. At present, however, there is no commonly-accepted
surgical procedure in use for the treatment of non-insulin-dependent diabetes
mellitus.

What is needed then is a method and devices for treating a neuroendocrine
disease, such as NIDDM, that is caused or exacerbated by microvascular

compression of the brainstem tissue and associated cranial nerves.

SUMMARY OF THE INVENTION

According to the invention in a first aspect there is provided a neurovascular
bridge implant adapted to relieve the pulsating pressure between a blood vessel and a
preselected region of the brainstem, said implant comprising one of a.preconﬁgured
shredded plastic implant and a preconfigured thermoplastic implant.

According to the invention in a second aspect, there is provided a
neurovascular bridge implant adapted to relieve pulsating pressure from a preselected
region of the brainstem within the cranium of a subject, the subject having a disorder
of the normal neuroendocrine servomechénism, the pressure resulting from the
compression of the region by a blood vessel, the implant comprising one of a
preconfigured shredded plastic implant and a precdnﬁgured thermoplastic implant
wherein the neuroendocrine servomechanism is responsive to the pressure relief on
the region and the implant maintains the pressure relief.

According to the invention in a third aspect, there is provided a neurovascular
bridge implant adapted to relieve pulsating pressure between a blood vessel and a

preselected region of the brainstem, the pressure resulting from the compression of
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25. The inplant of claim 24 wherein said |layer is co
pol ytetrafl uoroet hyl ene felt. 26. The i nplant of cl
bridge is comprised at |east partially of silicon. 27.
claim 22 wherein said second portion is generally shapedq
the shape of the nmedulla adjacent to sai-Ba-conpressed regi
brainstemto pernit further deconpression of said regiop after
i npl ant at i on. e

the region by said blood vessel, the implant comprising one of a preconfigured

shredded plastic implant and a preconfigured thermoplastic implant, said implant
being shaped and sized to fit between said blood vessel and said predetermined
region of the brainstem and being positioned between said blood vessel and said
predetermined region of the brainstem, wherein the implant relieves the pressure
between the blood vessel and the preselected region and maintains the pressure relief,
the pressure relief ameliorating a disorder of the normal neuroendocrine
servomechanism. |

According to the invention in a fourth aspect, there is provided a
neurovascular bridge implant adapted to relieve pulsating pressure between a blood
vessel and a preselected region of the brainstem, the pressure resulting from the
compression of the region by said blood vessel, the implant comprising one of a
preconfigured shredded plastic implant and a preconfigured thermoplastic implant,
said implant being shaped and sized to fit between said blood vessel and said
predetermined region of the brainstem and being positioned between said blood
vessel and said predetermined region of the brainstem wherein the implant relieves
the pressure between the blood vessel and the preselected region and maintains the
pressure relief, the pressure relief ameliorating non-insulin-dependent diabetes
mellitus.

According to the invention in as fifth aspect, there is provided a
neurovascular implant adapted to relieve pulsating pressure between a blood vessel
and a preselected region of the brainstem, the pressure resulting from the
compression of said region by said blood vessel, the pressure relief ameliorating a
disorder of the normal neuroendocrine servomechanism, said implant comprising:

a bridge composed of a soft biocompatible material;

a first portion of said bridge configured to structurally support said blood
vessel a distance from said region of the brainstem;

a second portion of said bridge. configured to span said region of the
brainstem to maintain the decompression of said region; and

said second portion being generally on an opposing side of said bridge from



25. The nethod of claim 24 wherein the preconfigured thernoplastic

I npl ant is made of a pol yurethane-based material having a glass-transition
tenperature of between about 20[ err] C and about 60[err]C and a transition
band of about 8[err]C 26. A neurovascul ar bridge
inplant for relieving the pressure betwdbdn a bl ood vessel and a

presel ected region of the brainstem said inplant conprising one of a
preconfigured shredded plastic inplant and a preconfigured thernoplastic

i mpl ant.  said first portion and ha¥ing a siftfcel SRBPSrt Be HERIIR A% W&LiBh Awa)e
preconfigured shredded
from said implant to maintain separation between said blood vessel and said region of
said brainstem.

The invention described herein provides a method and devices for relieving
pressure from a preselected region of the brainstem within the cranium of a subject,
where the subject has a neuroendocrine servomechanism, and the pressure results
from the compression of the region by a blood vessel. In general, the method
includes gaining access to the preselected region using a first preselected surgical
technique; exposing the preselected region according to a second preselected surgical
technique; lifting the blood vessel from at least a portion of the region according to a

third preselected surgical technique, thereby providing the pressure relief; and

inserting a




flastic inplant is nade of pol ytetraf | uoraet hyl ene. 28.
The inplant of claim26 wherein the preconfigured the 3?@‘-%3&”?@7&33@ £
S
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has a shape-menmory function, whereby said preconfigur
inplant returns to a preconflgured shape upon urgi nggof the sub ect’
tenmperature to nmaintain the pressure relief | Q4 MAY92000
I npl ant of claim28 wherein the preconl2gured thernopfaptic inplant §
made of a pol yurethane-based material having a glass-gransition tenpergture
of between about 20[err]C and about 60[err] and a tr ahshbiQn-Rand of _agbout
8[err]c. .

ody

Extra Large .
Length 10-15mm - 10-15 mm 10-15 mm
Width 4-5 mm Smm 5-6 mm
Thickness . 4-5mm 5 mm 5-6 mm

*Wedge width is measured at widest point of the implant. At
mid-point, a wedge can be as wide as a cigar-shaped implant of a
comparable length.

To enhance the tissue compatibility of the PTFE felt implants, at leasta -
portion of the implant may be c;)ated with silicor;é. Each of the implants can be
protectively packaged to protect against implant fiber compaction, which may tend to
cause the in-situ implant to transmit arterial pulsations to the adjacent neural tissue,
Also, instead of a pre-cut implant, implant 90 may be derived from a longer, multi-
stranded yarn of shredded PTFE of a preselected thickness. In the latter case, the
surgeon could tear off the implant material at the preselected length prior to insertion into
the subject.

Figures 6a-c illustrate the shape-memory function that is inherent in
thermoplastic neurovascular bridge implant 92. In Figure 6a, implant 92 is formed into a
preconfigured shape at a ﬁrs—t temperature. It is preferred that implant 92 be soft and
pliable at room temperature (about 25°C). During the microvascular compression
proéedure, the surgeon, or an assistaht, can temporarily reform implant 92, Figure 6b, at
a second tempé-rature, such as room temperature, into.a shape that is convenient for
interposition into the subject’s brain between the offending blood vessel(s) and the

brainstem. In time, as seen in Figure 6c, the heat of the subject’s body (e.g., about 36°C



30. The inplant of claim26 wherein the presel ected region of the
brainstemincludes a region of the brainstem sel ect ed—fromthe group

consisting of a medulla oblongata portion and a tent | v,
portion. 31. The inplant of clai rrﬂ!ﬂmﬁgmﬂmﬂgml ood
vessel is an artery and the conpression is pulsatile wolls  «

32. The inplant of claim30 wherein2he bl ood vessel is an artery and

the conpression is pulsatile vascul ar conpression.

8. A neurovascﬁlar bridge implant adapted to relieve pulsating pressure from a
preselected region of the brainstem within the cranium of a subject, the subject
having a disorder of the normal neuroendocrine servomechanism, the pressure
resulting from the compression of the region by a blood vessel, the implant
comprising one of a preconfigured shredded plastic implant and a preconfigured
thermoplastic implant wherein the neuroendocrine servomechanism is resﬁonsive to

the pressure relief on the region and the implant maintains the pressure relief..

9. The implant of claim 8 wherein the pressure relief ameliorates non-insulin-.

dependent diabetes mellitus.

10.  The method of claim 8 wherein the neuroendocrine servomechanism includes
the pancreas of the subject and the pressure relief ameliorates non-insulin-dependent

diabetes mellitus.

11, A npeurovascular bridge implant adapfed to relieve pulsati.ng pressure between
a bload vessel and a preselected region of the brainstem, the pressure resulting from
the compression of the region by said blood vessel, the implant comprising one of a
preconfigured shredded plastic implant and a preconfigured thermoplastic implant,
said implant being shaped and sized to fit between said blood vessel and said
predetermined region of the brainstem and being positioned between said blood
vessel and said predetermined region of the brainstem, wherein the implant relieves
the pressure between the blood vessel and the preselected region and maintains the
pressure relief, the pressure relief ameliorating a disorder of the normal

neuroendocrine servomechanism.

12.  The implant of claim 11 wherein the neuroendocrine servomechanism includes
the pancreas of the subject and the pressure relief ameliorates non-insulin-dependent

diabetes mellitus.




33.

A neurovascul ar bridge inpl ant for reI I eving pressure froma

presel ected region of the brainstemw thin the craniumof a subject, the
subj ect having a disorder of the normal neuroendocrine servomechani

pressure resulting fromthe conpression of the reglnulllﬂ M“ﬂlnm M\e
the inplant conprising one of a preco:?w]gured shr u

a preconfigured thernoplastic inplant

servonechanismis responsive to the pressure relief on the

erein the deufoehdoltrihe

i npl ant mai ntains the pressure relief. 34. The i

of cl ai m133 \Wemeummimlavrhm&anmplaeitwelhpiadeﬁol |taha‘teep.ﬂsalma pressutd betwegrendent
di abetes nellitu

a blood vessel and a preselected region of the brainstem, the pressure resulting from

the compression of the region by said bleod vessel, the implant comprising one of a

preconfigured shredded plastic implant and a preconfigured thermoplastic implant,
said implant being shaped and sized to fit between said blood vessel and said
predetermined region of the brainstem and being positionéd between said blood
vessel and said predeternﬁned region of the brainstem wherein the implant relieves
the pressure between: the blood.vessel and the preselected region and niaintains the
pressure relief, the pressure relief ameliorating non-insulin-dependent diabetes

mellitus.
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14.  The implant of claim 13 wherein the preconfigured shredded plastic implant is

made of polytetrafluoroethylene.

15.  The implant of claim 14 wherein at least a portion of the

polytetrafluoroethylene implant is coated with silicone.

16.  The implant of claim 13 wherein the preconfigured thermoplastic implant has

a shape-memory function, whereby said preconfigured thermoplastic implant returns
to a preconfigured shape upon urging of the subject's body temperature to maintain

the pressure relief.

17.  The implant of claim 16 wherein the preconfigured thermoplastic implant is.
made of a polyurethane-based material having a glass-transition temperature of

between about 27°C and about 60°C and a transition band of about §'C.

18.  The implant of claim 13 wherein the implant comprises a layer of shredded

polyietrafluoroethylene felt provided on the preconfigured thermoplastic implant.
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" 85. © The nethod of claim 33 wherein the neuroendocrine servomechani sm
i ncludes the pancreas of the subject and the pressure relief aneliorates
non-i nsul i n-dependent di abetes nellitus. )
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19.  The implant of claim 13 wherein the preselected region of the brainstem
includes a region of the brainstem selected from the group consisting of a medulla

oblongata portion and a tenth cranial nerve portion.

20.  The implant of claim 19 wherein the blood vessel is an artery and the

compression is pulsatile vascular compression.

21.  The implant of c_laifn 13 wherein the blood vessel is an artery and the

compression is pulsatile compression.

22. A neurovascular implant adapted to relieve pulsating pressure between a
blood vessel and a preselected region of the brainstem, the pressure resulting from
the compression of 'said region by said blood vessel, the pressure relief ameliorating
a disorder of the normal neuroendocrine servomechanism, said implant comprising:

a bridge composed of a soft biocompatible material;

a first portion of said bridge configured to structurally support said blood
vessel a distance from said region of the brainstem;

a second portion of said bridge configured to span said region of the
brainstem to maintain the decompression of said region; and

said second portion being generally on an opposing side of said bridge from
said first portion and having a surface to support the medulla in a direction away
from said implant to maintain separation between said blood vessel and said region of

said brainstem.

23.  The implant of claim 22 wherein said implant further includes a layer of

generally soft fibres to avoid arterial pulsation to be transmitted to said region.

24.  The implant of claim 23 wherein said layer of soft fibres are soft unrolled

fibres.

REPLACEMENT SHEET

|

04 MAY 2000

U




1] llllll lllll !IM Il llll

-23-

25.  The implant of claim 24-whetéi 8aid iasé’er is comprised of shredded

polytetrafluoroethylene felt.

26.  The implant of claim 22 wherein said bridge is comprised at least partially of

silicone.

27.  The implant of claim 22 wherein said second portion is generally shaped to
:configure.to the shape of the medulla adjacent to said compressed region of said.

brainstem to permit further decompression of said region after implantation.

—
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