BRAI N RESUSEI®MATI ON AND ORGAN PRESERVATI ON DEVI CE AND METHOD 5 BosLs5-8 TheS
Field of "the Invention The present invention relates generatly to treating '
i schenic aW@ W% brain injuries associated with cardiac ar BRST/USHEISE4
parti®ularly, the present invention provides an apparatus and nethod for 10
resuscitation of the lymiin JEEUTRCTIRPEONE AND ORANY |BRBSHERVAT™ON r auma or

ot her: periods of decr eseerce| 00 METoDp al | owi ng the heal th prof essional

extra tinme to restore blood circulation. Wth the present invention, the

brain and associ ated neurol ogic tissues renmain intact, 15 throughout

attenpts togrestart the victinm ss1op4 t°£%é Rl fdg Cul ation, allow ng

t he victin1Pncreased chances of —ess-crance of permanent

brai n damage. The presefhe presendinveation redatgs generally to

treating ischemic and anoxic brain injuries associated
with cardiac arrest. More particularly, the present

invention provides an apparatus and method for
10 resuscitation of the brain and maintenance of viability
. during trauma or other periods of decreased blood flow,
allowing the health professional extra time to restore
blood circulation. With the present invention, the
brain and associated neurologic tissues remain intact,
15 throughout attempts to restart the victim’s heart and
restore cifculation, allowing the victim increased
chances of survival with less chance of permanent brain
damage. ' o
The present invention also provides an _
20 apparatus and method for preserving organs in brain-dead
patients or cadavers, which keeps the requisite organs
viable for extended time periods. With this invention,
the organs may be preserved such that they are suitable
for subsequent harvesting and transplantation.
25 |
Brief Description of the Prior Art
During cardiac arrest, the heart ceases to pump

blood. Subsequently, there is no circulation, and the
brain fails to receive freshly oxygenated blood.

30 without a steady supply of oxygenated blood, the brain
will cease to function.

Current resuscitation techniques for cardiac
arrest have been directed almost exclusively towards the
heart. However, even with methods such as

35 cardiopulmonary resuscitation (CPR), patient survival
rates are low. In hospitals and clinics with advanced
CPR and life support systems, the survival rate is
normally around 14s%. Outside of hospita; settings, the -
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20 apparatus and met hod for preserving organs in br-ai‘n- dead patients or

cadaver syowhhgdgokeeps the requisite organs viable for exten H&?gﬁ
periods. Wth this invention, the organs may be preserved sSuc haf7they

are 3uitable for subsequent harvestlng aEd transplantation. 25 Bri ef
Description of the Prior Art During cardifac arrest, the heart ceases to

Fecei ve freshly oxyoohlely GATAIAC: SXRART JLot L ARPRAr iR 2&@%@&23
bl ood, the bia%nsuirhrh.veemrbdofg:mhlqn J.rmauterand edlﬂmﬁtat i on techni ques
oo 2 BIRTEIEANE Beslnddutaad e ool R Spbe 1ot
pati ent. sur?iﬁ&?rrQﬂés°§r§uﬁG®inlﬁcﬁGSQEmeiQQ%P(ﬂﬂiﬂﬁx;ﬁﬁqmladvanced
5 ischemia (i.e., lack of blood flow to the brain), or
anoxia (i.e., lack of oxygen to the brain). Such
frequency of neurologic injury occurs because after
cardiac arrest, basic cardiopulmonary resuscitation and
advanced life support techniques, such as CPR, closed
10 heart cardiac chest massage, and electroshock
treatments, typically require fifteen to twenty minutes
to regain circulation from a failed heart. Reversible
neurologic damage beings as early as four minutes and
irreversible neurologic damage beings as early as six
15 minutes after circulation stops. To combat this
potential neurologic injury, initialiresu5citation
efforts need to be directed toward reﬁiving the brain in
addition to resuscitating the heart.
As indicated above, anoxic and ischemic brain
20 injuries from cardiac arrest result in damage to the
brain and associated neurologic tissues after about four
minutes. In contrast, the heart can survive intact up
to four hours after cardiac arrest. The short viability
of brain tissue upon'deprivated oxygenated blood is a
25 result of the requirement of high amounts of nutrients
for tissue maintenance. Brain tissue uses almost all of
' the nutrients supplied by the circulating blood for
maintenance and has very little remaining for storage.
Absent blood flow to the brain, the small amount of
30 stored nutrients is rapidly exhausted. once exhausted,
brain oxygen content rapidly depletes. This oxygen
depletion is traumatic and causes a series of reactions
in the oxygen starved brain tissue cells. These
X reactions produce free radical ions, primarily
* 35 consisting of the superoxide radical 0,”. These free
radicals complex with proteins in the brain and
associated neurologic tissues, altering respirgE}on,
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CPR and.Life support systens, the survival rate is normally around 14%

Qutside of hospital settings, the survival rate is about 5% 2 Anong
cardi ac arwei4/289¢st i ns overal |, |ess than 10% survive neur ol Ogicga ﬂ%ﬂﬁact
and w*t hout significant brain damage. The other approxinately 90@6e|t

die or sustain some neurol ogic |nJury from5 ischenmia (i.e., lack of blood
flow.to the brain), or anoxia (i.e., lack df oxygen to the brain). Such

Corah'opc! nonar SHpRgRsrakdeley g%afé Dot o R Belinaad el =nlch as
CPR, cl osed 10ikzeversibdyadaniagingridesge tissuesl.ect r oshock
' Prior efforts at resuscitating the brain have
involved highly invasive treatments, intruding
5 physically into the brain itself. Such invasive
| techniques are described in U.S. Patents 4,378,797 and
4,445,500 issued to Osterholm. These patents describe a
stroke treatment method which is a direct physical
intrusion into the brain itself. 1In this method, an
10 opening is drilled directly through the skull through
the brain into the pons or brain ventricles. These
areas are then directly cannulated and flooded with room
temperature oxygenated perfluorocarbons. These entering
perfluorocarbons mix with cerebral spinal fluid, whereby
15 they are carried throughout the brain and associated
neurologic tissues through channels within the central
nervous system, sometimes referred to as the “third
circulation.” Excess fluid is drained through an
opening invasively placed in the cisterna magna of the
20 brain. _

This stroke treatment method has several
drawbacks. This method must be performed in a surgical
environment by a skilled surgical team. It cannot be
done by a single person with basic medical training. It

25 cannot be done in the field or other emergency type
settings. The device used in performing this stroke
treatment is not portable.' Additionally, since this
procedure is invasive (drilling directly into the
brain), there is a high risk of mechanical damage to the

30 brain and associated neurologic tissues. Finally, the
treatment fluid used contains essentially
perfluorocarbons. It lacks any agents needed. to inhibit
free radical damage. '

Additionally, despite the dramatic success and

35 increase in the number of orgaﬂ transplants, there
remains a massive shortfall of organs suitable for
donation and subsequent transplant. The demand for
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treatnents, typically reqU|re fifteen to twenty m nutes to regain
circul at i iy dqiiahge? fail ed heart. Reversible neurol ogi c damag §ﬁ%
early as four mnutes and irreversible neurol ogi c damage bei %ﬁ@ y as
six 5 mnutes after circulation stops. To conbat this potentlal neur ol ogi ¢

injury, initial resuscitation efforts needtto be directed toward reviving
the brain in addition to resuscit.ating the heart fs i ndi cat ed above

anoxi ¢ and i s(QRFARS FAMILDY FFeateEsthan the, SHERLI%, r AF 2e¥8FVLIEN dammge
to the brain aﬂﬁmﬁ§§ﬁuueﬁfmbémpugl@@m@céssaugsyaaier about four mnutes. In

arrest. The short vi aoiTHy oY 8P atfoRy Bebfund SncRbe adtefislnat oo
bl ood is a 25 abwxidncefof Buitaple corgansi hSpecifiboally of movertbans for
L1 ssue i g er@@%bﬁfadﬁ AhSSYCans oFnd| dDS £2bh Pfaldig, WEE1§8hEsSYRP! | ed
y the circulatimn 00 or :
cardiac arrest with organs suitable for transplant,
could easily have their organs salvaged.
Present salvaging techniques include putting.
the organ in ice after having been perfused in a Collins
10 solution. This Collins solution mimics the internal
environment of the cells, which form the organ tissue,
and keeps the organ viable for approximately forty-eight
hours. 1In most cases, these present methods do not
permit sufficient time to transfer a suitable viable
15 organ to the needy recipient. This is because organs
deprived - of oxygen nutrient rich blood flow in a body at
normal body temperature suffer irreversible damage and
injury in just a few hours or less. For example, the
heart must be salvaged almost immediately, while the
20 kidneys must be salvaged within one to three hours.
Under present circumstances, the time prior to
that which a potentially transferable organ may be
salvajed is usually delayed. This occurs because the.
brain-dead person must first be brought to a hospital.
25 Alternatively, a person dying outside a hospital or
other clinical setting must first be brought to a morgue
and be pronounced dead. The family must then sign organ
donation forms. Only after the brain-dead person has
been brought to a hospital and the organ donation
30 procedures are completé, may a surgical team be
permitted access to the body to harvest the viable
organs for transplant. This procedure takes time to a
point where organs are irreversibly damaged or are no
longer viable.
35 It is therefore an object of this invention to
non-invasively treat ischemic and anoxic brain injuries
immediately upon cardiac arrest whereby resuscitation
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mai nt enance and has very little remaining for storage. Absent blood flowto
the-brai'n, the small anmount of 30 stored nutrients is rapi dly exhaust ed.

once exhaustng brai n oxygen content rapidly depletes. This

depletld“ﬂ¥%9 unatlc and causes a series of reactions in Eﬁ§¥@§gd§ﬁ“
starved brain tissue cells. These reactions produce free radical ions,
pri.marily- 35 consisting of the superoxide radical [err] These free radlcals

conplex with proteins in the brain and associ ated neurol ogi c tissues,
al tering r espffertenarBERpPLESENINSEERE for3acpetdentr §AsBSREVANG ot her

vital cellul gr fURGHaR%1y22HehEEEVeRY Bi¥eBRERG BeshBeitatingues.
efforts to immediately treating the brain, the present
invention allows medical personnel substantial

5 additional time (beyond the critical four minute window)
to regain the failed heart’s circulation without the
patient sufferihg neurologic damage.
It is also an object of the invention to

provide a method of treating ischemic and anoxic brain

10 1njur1es suffered upon cardiac arrest so as to inhibit
free radical chemical species from complexing with
proteins in the brain and neurologic tissue to avoid
permanent irreversible damage.

It is another object of the invention to

15 resuscitate the brain by establishing a non-invasive,
artificial circulation of synthetically oxygenated blood
to the brain. ‘

It is yet another ocbject of the invention to
prevent and reverse potential damage to the brain and

20 associated neurologic tissue suffered as a result of
ischemic injury due to cardiac arrest, major trauma,
suffocation, drowning, electrocution, blood loss and
toxic poisoning from substances including carbon
monoxide and cyanide. '

25 It is further object of the invention to
provide a device for treating the aforementioned
injuries, which is suited for field as well as clinical
use and that can be operated by a single person with
minimal medical training and-experiénce.

30 It is still another object of the invention to
provide a solution capable of inhibiting free radical
ions from complexing with proteins in brain and
associated neurologic tissue, and capable of protecting
these tissues and revefsing'injuries to these tissues,

35 thereby expanding the brain’s critical four minute

]
viabillity window.
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Prior efforts at resuscitating the brain have involved highly invasive .

treatments;
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It is still another object of the invention to
prevent and reverse potential damage to a brain-dead
patient’s or cadaver’s organs prior to organ harvesting
such that the harvested organs remain viable for
harvesting, whereby they are suitable for
transplantation. '

Summary of the Invention
The present invention focuses on initial

resuscitation efforts toward resuscitating the brain due
to its short viability, rather than the heart. The
invention includes a non-invasive method which reverses
and inhibits neurologic daﬁage, and resulting ischemic
and anoxic injury upon cardiac arrest. The method
includes establishing an artificial circulation by
catheterizing the circulatory sYstem in both external
carotid arteries, to deliver essential treatment
components in a synthetic brain resuscitation solution
to the brain. Once catheterized, the brain is driven

into a submetabolic coma as barbiturates are introduced |

through the catheter. This coma lowers the brain’s
metabolism and decreases free radical production, while
keeping its tissues viable. The brain is oxygenated by
introducing temperature controlled pérfluorocarbons,
which are super-~saturated with oxygen. These
perfluorocarbons'act as a blood substitute and transport
oxygen in a manner similar to hemoglobin. Free radical
damage is inhibited by introducing antioxidants, free
radical scavengers. The antioxidants complex with ionic
0,” and prevent the ions from complexing with proteins in
brain tissue, which is a cause of irreversible damage.
Protecting and reversing neurologic damage is

through the brain into the

SOHE eHeR, Y R ik 0 e R o7 1
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fTuid is drained through an openi ng i nvasively
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20 brain, This stroke treatment. nethod has several drawbacks. This nethod
nust' be. perforned In a surgical. environnent by a skilled surgical team It
cannqt bewdosuz289s0 a si ngl e person with basic nedi‘cal t r ai ni ngpctiysedpsse Not
be donhe in the field or other energency type settings. The device used In
perform ng this stroke treatnment is not pgrtable Additionally, since this
procedure is invasive (driIIing directly i‘nto the brain), there is a high

ri sk of nechanlcal a 30, br.ai n.and asspci at ed neurplo
ti ssues. Fi naP% %@abﬂ% %%%&*acz&ﬁ 51‘%5' 'S'F‘gtgl
per f | uor ocar bdnmg ictl alsac owa be inge evelopgst byo hhehﬂlpjoﬁn ee radi cal

damage. Addit ipaR3dabe ‘fdﬁw t%&ﬁgﬁrﬂf Q;gatﬁaq_ms Q:q‘hﬁé,* ncrease in the

nunber of organ transpl ants remai ns massi ve all of or‘gans
suitable for 1 of the above-mentioned compositions are

5 included in a single brain resuscitation solution. This
brain resuscitation solution is delivered to the brain
in a chilled condition. The fluid is chilled by cocling
it to a temperature sufficiently low to hypothermically
shock the brain. At this point, the brain’s metabolism-:

10 is slowed and free radical production decreases. The
brain is additionally cooled externally with natural or
synthetic ice packs around the patient’s head.

Once the procedure is complete, continuing
efforts are then made to resuscitate the heart and

15 restore the circulation. This can be achieved by drug
administration, CPR (manual and mechanical), chest
compression, and the like.

- -Additionally, the present invention discloses a
method of resuscitating or preserving organs

20 (collectively known as organ preservation) in a brain-
dead patient or cadaver prior to their harvesting for
transplant, such that viable organ is transplanted. The
method includes establishing an artificial circulation
within the organ by catheterizing a major blood or lymph

25 vessel supplying the organ or organ tissue parenchyma,
to deliver essential treatment components in a synthetic
solution to it. The solution is cooled below body
temperature and introduced through the catheter. The
solution includes components with serve to lower the

30 organ’s metabolism and decrease free radical productioh,
while keeping the organ viable. Specifically, the
solution includes temperature-controlled
‘perfluorocarbons, which are super-saturated with oxygen.
These perfluorocarbons oxygenate the organ by acting as

35 a blood substitute, transporting oxygen in a manner

'~ similar to hemoglobin. Free radical damage is inhibited
by introducing antioxidants, free radical scavengers.
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donation and subsequent t}ansplant. The demand for 74 organs remains .

greater thegdBgeeurply. As a result, thousands of people ungﬁ?&gﬁghhkx ..

die. This is an irony because of the potential abundance of s

organs. Specifically, nore than 5 1.5 million Anericans who die from
trauma, accidents or cardiac arrest with dfgans suitable for transplant,
coul-d easily have their organs sal vaged.  Present  sal vagi_ng techni ques

i ncl ude putti rtpe ABeEidants complex with Ehecbonie ¢2isendi Bravest i ns 10
sol ution. Thi stk®lidns Sdmicstiplexing whEhi preteihs eii tRENEDEsEE, t he

Cel LS i oh T e Of 9L S6H % ALY KE BRTe ' BEnfE0" MBBhS: Blasue
damage protection is accomplished by introducing
5 Lagzaroids, an experimental drug class now being
developed by the Upjohn Pharmaceutical Company of
‘Kalamazoo, Michigan.

All of the above-mentioned compositions are

included in a solution similar to that described above

10 for brain resuscitation. The only significant
difference is that barbiturates, which induce a coma in
the brian, while permissible, are preferably not used in
organ preservation as this result is not needed in this
instance. Similar to the above-mentioned brain

15 resuscitation solution, the organ preservation and
resuscitation solution (hereinafter organ preservation
solution), is chilled by cooling it to a sufficiently
low temperature to inhibit degenerative metabolism of
the organ. With the organ’s metabolism is slowed, free

20 radical production decreases. .

Once this brocedure is complete the organ will
remain viable, guch that harvesting and subsequeht
transplantation may take place at a later time. The
harvest organ will have sustained minimal, if any

25 damage, and the transplant recipient will be able to
resume a normal life. _

The present invention includes a device for
delivering the aforementioned brain resuscitation or
organ preservation solutions. The device can be adapted

30 for clinical or field use. This device includes a
reservoir for holding brain resuscitation or organ
preservation solution which communicates with an oxygen
tank and a heat exchanger. Upon activation, the oxygen
is released into the reservoir, oxygenating the brain

35 resuscitation or organ preservation solution. The
oxygenated solution is then pumped from the reservoir to
the heat exchanger, where it is cooled. When brain
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hours n nost cases, these present nethods do not permt sufficient tine
to transfer a SU|tabIe vi abl e 15 organ to the needy reciplent. This is
because OkgR9s49e9" i ved of oxygen nutrient rich blood flow i

nor mal* body tenperature suffer irreversible damage and injury T1n jUS? a few
hours or |ess. For exanple, the heart nust be sal vaged al nost i medi ately,
whil e the 20 kidneys nust be sal vaged wWit®n one to three hours. Under

present C|rcunstances the tjnme Jor_to.that ofentjall
transferabl e FRFHFRA %ét%efé%"?%duiﬁ? I?%‘iyﬁgﬂf E#‘%nbecause
t he brain- dead.:xw:&!m:e&aio fuhétpdle:.éﬁmughntmzbatfmplg;eéte:ﬂ&hrough

A Lernatively o RESR G Aty U S SO o0 e I ¥akasPd | | 10

must first be S o nor gue an ronounce e fan1 y nust
then sign or gandzl(malemd mmr;e abit n ¢ hdhlfreunatilyt, pt QvgaRS been

brought tog hgsid:3atdith ! Rhd'BBLEP Y1 ¥on is introduced into
blood or lymph vessels supplying the organ, the organ
itself or the tissue surrounding the organ. For
example, with thé pancreas, the intestine, a surrounding
tissue, would provide an organ preservation solution to
10 the pancreas by capillary circulation.

Brief Description of the Drawings

For a more complete understanding of the

1nventlon reference should be made to the drawings
15 wherein: .

FIG. 1 . is a front view of the portable brain
resuscitation/organ preservation device of the invention
illustrating the internal components;

FIG. 2 is a side view of the portable brain

20 resuscitation/organ preservation device of FIG. 1}

FIG. 3 is a front view of a second embodiment

"of the portable device shown in FIG. 2;

FIG. 4 is a flow chart of the method of the

present invention; and
25 ' FIG. 5 is a front view of the patient being
catheterized.

Detailed Description of the Drawings
Referring to FIGS. 1 and 2, the brain

30 resuscitation/organ preservation device of this

embodiment of the invention is semi-automatic. It
includes an outer casing 22 with a handle 23 and a
._window 24. The window 24 is located within a first side
25 which has a greater width than length. The casing 22
35 includes an inner chamber 26. This iﬁner chamber 26
contafns components which include a reservoir 30, an

This Sheet Has Been Rei

sosmserauezy AN




30 pr.ocedures are conplete, may a surgical teambe pérmitted access tog the
body to Qﬁ vga% the viable organs for transplant. This procedure takes
time to a b ere organs are irreversibly damaged or ar e RX/TSMNT64

vi abFe. 35 It is therefore an object of this invention to
non-invasively treat ischemc and anoxicilgrain.injuries inmediately upon
cardi ac arrest whereby resuscitation efforts are applied in time for a
patient to swmygenrtnmblbg;calhgatnexchanggrdBBecaipgmpedﬁschi&be@ '

efforts to i fgfl Eegéln nd g @ég s%ﬂgcgrgien i nvention all ows

nmedi cal personne sub BEntT af nd the critical four
m nute w ndow) to regaThPtﬁ%S@EVPéH 3@ah91§5théubEFP-@nrﬁﬁPﬁga-ﬁ?atth-@n

or organ preservation solution. The solution of this
5 invention is a fluid mixture of various components and
is packaged in premixed, premeasured canisters, for a
single immediate use. These canisters can be
replenished (refilled) and exchanged for continued life
support. The specific components are discussed below in
10 accordance with the methods of the invention.
Preferably, this reservoir 30 is adapted to hold three
liters of fluid contained within replacéahle canisters
32. The preferred canisters are clear plastic bags,
such that fluid depletion in the reservoir 30 can be
15 viewed through the window 24. However, these canisters
can be rigid containers, made of opaque material.
An oxygen tank 34, adjustable to various
pressures, communicates with reservoir 30 through a
first conduit 35. Oxygen tank 34 is sealed by a valve
20 36, which is opened once the device 20 is activated.
Tank 34 is preferably a cylinder ten inches tall by four
inches in diameter, contaihing'oxygen pressurized to at
least 17 psig.
A heat exchanger 38 capable of controlling the
25 fluid’s temperature, surrounds reservoir 30. Preferably
the heat exchanger cools by undergoing an internal
endothermic reaction, once a charging valve 40 is opened
when a charging handle 41 on the device is activated.
The exchanger contains Ammonium Nitrate and water, which
30 are initially separate. Upon activation, these
chemicals contact each other, reacting endothermically,
causing the heat exchanger to cool. Additiocnally, the
heat exchanger's cooling can be accomplished by carbon
dioxide (dry ice), freon or a mechanical cooling device.
35 A second conduit 44 extends from the reservoir
and communicates with a vaive conﬁrolled pump 46,
capable of pumping at various rates and modes, in
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patient suffering neurologic damage. It is also an object _of the invention
to provide a nmethod of treating ischemic and anoxic brain 10 injuries

suf f er.ed, dlac arrest so as to inhibit free radical eci es
“BCHSBoTRE

f rom*conpl exi ng mnth proteins in the brain and neurologic ti

permanent irreversible danmage. It is another object of the invention to 15
resuscitate the brain by establishing a &dn-invasive, artificial
circulation of synthetically oxygenated blood to the brain. It is yet

anot her obj ecomsunigatinriidh a olgis aantrel revidt st0 potEhe iRHRIAGge to

the brain angmd 135 AdFiE Loyetrel Oh Culi® e DI 'FSverfed B Sékkt of
i schemic injury due to car C re raunma,, suffoc dromnlng
el ectrocut i off PGB FTHEE %@ g‘i‘?‘be‘b%"f'so‘lrﬁ FYf s’tﬁ)s?‘hjrﬁ?g%i Tudi ng
car bon an electric adapter. A battery pack is the preferred
5 energy source 54. The logic control unit 50 includes
(not shown)} an oxygen pressure sensor, a fluid mass flow
sensor, a fluid pressure indicator and regulator, a
fluid temperature indicator and regulator, a fluid-
'temperature indicator with feedback to a mass sensor,
10 and a timing device for estimating the time the fluid in
the reservoir will be depleted at a given mass flow.
The logic control unit 50 can control the rate and mode
of pumping, i.e. continuous or pulsatile. One example
of a pulsatile rate and mode would be that which
15 simulates the pulsed flow of a beating heart.
Measurements from logic control unit 50 are displayed on
an LED digital display 56. Digital display 56
préferably shows the ‘temperature and flow rate of the
brain resuscitation solution.
20 The second conduit 44 extends through the pump
46 and logic control unit 50 and terminates in a side
opening 58 on the device 20. Preferably, this side
opening 58 is on the side 66 adjacent to the
longitudinal side 25. Side opening 58 is capable of
25 attaching to catheter lines 60 to permit brain
resuscitation solution to enter the patient’s
circulatory system, through catheters 62 placed into a
single, but preferably both, external or internal
carotid arteries. Similarly, side opening 58 is capable
30 of attaching to catheter lines 60 to permit oxgan
preservation solution to enter the patient’s circulatory
system, through catheters 62 placed into a single vessel
near the organ sought to be preserved, the organ itself
or tissues surrounding the organ.
35 o With respect to catheters 62, one way balloon
tippe& catheters are preferred. The balloons generally
inflate upon activation to block potential reverse blood

e e—
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nonoxi,de and cyanide. 257 It is further obj.ect of the invention to -

provide a device for treating the aforenentioned injuries, which is suited -
for fiel (WOD4RBP4O0 as clinical use and that can be operated byPCT/ESMPSTA.
persbn with m ni mal nmedical training and experience. 30 It is
still another object of the invention togjgovide a solution capable of

I nhibiting free radical ions fromconplexing with proteins in brain and

associ ated ne&ﬁ&'Bﬁaﬁntré§u661ﬁaﬁiﬁﬁpéb|érgﬁnpréQétvaﬂibheEQuEHSi&%& and
reversing |njgr|es t sues t her ehby exp andi

critical four ﬁﬁ?egb?aﬁ??F# ?ﬁfﬁﬁgﬁ/ ﬁEﬁEﬂEENEﬁ? $9?8 Ykﬂrf9§?e

heart is being resusc1tated) Addltionally, it is
preferred that this adjacent side 66 also contain
5 openings for venting excess oxygen 68 and for oxygen
intake 69. This oxygen intake can be from the
atmosphere or from adjunct oxygen sources. |
Upon activating the brain resuscitation or
organ preservation device, the oxygen tank valve 36
10 opens and pressurized oxygen is released from the oxygen
tank 34 into contact with the brain resuscitation or
organ preservation fluid, thereby oxygenating it. The
heat exchahger 38 is activated by releasing the charging
valve 40. Once activated, the oxygenated éolution in
15 the reservoir is cooled. This cooled solution moves
through a second conduit 44, drawn by sufficient
pressure from the oxygén tank 34 into a logic control
unit 50, powered by an energy source 54, such as a
battery pack. A pump 46, within this logic control unit
20 50 further moves the chilled oxygenated solution through
this second conduit. Solution then enters a catheter
line 60, attached to an opening 8 in device whereby it
is delivered to the brain or organ through the catheters
62. |
25 ' The preferred embodiment of the brain
resuscitation/organ preservation device 20 is relatively
small. It is portable, suitcase-like in appearance, and
suitable for field use, such as in ambulances,
battlefields, athletic fields, aircraft, marine
30 vehicles, spacecraft, emergency treatment facilities,
and the like. It is lightweight and can be carried
directly to the patient. In one example of the device
the outer casing measures twenty inches by eighteen
inches by fifteen inches and weighs approximately thirty
35 poﬁnds. '
FIG. 3 is a second embodiment of the brain
resuscitation/organ preservation device 70. This
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6 It is still another object of this invention to provide-a nmethod of
preserving organs in their viable states in brain-dead patients or

cadaver s,worpazegger for organ harvesting, whereby the harvest g¢190$538878" € 5
suitable for transplantation. It is still another object of the invention

to prevent and reverse potential damage h a brain-dead patient's or
cadaver's organs prior to organ harvesti g such that the harvested organs

remai n viabl &, 4,0 e:‘i‘é‘r §%§§1§aﬁ1n eneby1£ﬂ§¥ E}éﬁuéﬁ&aﬁ:@l 8ted and

transplantatlon tion resen nventron focuses on
initial 15 reveIsﬁnlbxuQpemt@vesunmmne@m%ctn@mg genepated bBie to its

short viabiligyagd@t{iféd (ORPgéhe "B@¥ice P6¢ includes an outer casing
72 with a handle 73 and preferably a window 74, located
5 in a first side 75 having a greater length than width.
The outer casing 72 includes an inner chamber 76. This
inner chamber 76 contains components which inciude a
reservoir 80, an oxygen tank 82, a heat exchanger 90,
and a logic control unit 96. :

10 The reservoir 80 holds the brain resuscitation
or organ preservation solution of the invention. The
‘brain resuscitation or organ preservation solution is a
mixture of various components and is packaged in
premixed, premeasured canisters,-for a single immediate

15 use. These canisters can be replenished (refilled) and
exchanged for continued life.support. The specific
components of the brain resuscitation or oxrgan
preservation solution are discussed below in accordance
with their respective methods. Preferably, reservoir 80

20 is adapted to hold four to ten liters of solution
contained within replaceable canisters 84. The
preferred canisters are clear plastic bags through which
the fluid depletion in the reservoir 80 can be viewed
through the window 74.

25 . : Reservoir 80 communicates w1th an oxygen tank
82 through channels 85, which open when charging handle
86 is pulled. Oxygen tank 82 is adjustable to various
pressures and is sealed by a valve 88 on the charging
handle 86. The oxygen is pressurized to at least 17

30 psig. -

~ Reservoir 80 also communicates with a heat
exchanger 90, capable'of controlling the solution’s
temperature, through a conduit 92. Similar to that of
the first embodiment, the preferred heat exchénger cools

35 by undergoing an internal endothermic reaction, as
explaihed with the first embodiment above. Heat
exchanger 90 communicates with the charging handle
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I nvention includes a non=invasive nmethod which reverses and inhibits
neur ol ogi ¢ damage, and resul ting i schemic and anoxic injury upon cardiac -
arrest. YQ94R89bd 20 incl udes establishing an artificial cPCTHUS4/MNENG4 Dby
catheterizing the circulatory systemin both external carotid arteries, to
deliver essential treatment conponents iRga synthetic brain resuscitation
solution to the brain. Once catheterized, the brainis driven 25 into a

subret abol i ¢ mgﬁ é)awﬂwr%,eavmauﬁé@dweﬂvwéausﬁ dt: aEleagheter. This
coma | owers nebfbollsn1and decreases free radical production,

whi | e keepi ngi'"reit %SSLFE% N1e. The brainis oxygenat ed by introducing
t enperature controll echnmiitjcﬂz)cextmms ﬂﬁrmnhtheehealpeexshangered with

oxygen. Thes%do%fﬁéd*%%i@ g?%é&‘it?' e ra@i +B 261 LhiLsh

oxygen in _a nmanner sinm anage |s |nE|b|t ed
by i nt rod&ci ﬁ@%@ﬁ,@mﬁss q% } &n oxygen pressure sensor,

mass flow sensor, a fluid pressure indicator and valve
S8 for regulating fluid pressure and flow, a fluid
temperature indicator and regulator, a fluid temperature
indicator with feedback to a mass sensor, and a timing

10 device for estimating the time fluid in the reservoir 80
will be depleted at the current mass flow. Measurements
from this logic control are displayed on an LED digital
display 99. Digital display 99 shows the brain
resuscitation or organ preservation fluid temperature

15 and flow rate.

Conduit 92 extends from the logic control unit
96, to a terminal peint 100 outside the device 70. A
high pressure fluid coupling valve 102 is at this
terminal point 100. The valve 102 is opened when the

20 device 70 is activated. This terminal point 100 is
suitable for attachment of catheter line 104 and
subsequent catheters 106.

As with device 20, one way balloon tipped

catheters are preferred in alternate device 70. Upon

25 activation the balloon portion of the catheter inflates,
blocking possible reverse blood and brain resuscitation
or organ preservation solution flow toward the heart.
Additionally, it is preferred that device 70 contain
openings for venting'excess oxygen'and for oxygen

30 intake. This oxygen intake can be from the atmosphere
or adjunct oxygen sources.

Device 70 is activated when the user pulls the
charging handle 86. This action opens a valve 88 on the
oxygen tank 82, releasing pressurized oxygen, which

35 moves through channels 85 into the reservoir 80 and into
contact with the brain resuscitation or organ
preservation solution thereby oxygenating the fluid
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radical.- scavengers. The antioxi-dants conplex with ionic 35-[err] and
prevent .the ifons fromconplexing with proteins in brain tissue, whichis a
cause of iywpaM@eséb! € damage. Protecting and reversing neurol egrfusdageRg i S
7 acconplished by introduci ng Lazaroids, an experinmental drug class now
bei ng devel oped by the Upj ohn Pharmaceutical Conpany -of Kal anazoo,

M chigan. Al of the above- nenti oned conp&ﬁtlcww are 5 included in a
single brain res nres usci t.ation solution is

tatlo soI ution. This
Sol verod to (ROLBFIPA| oBnSopteegle, Ruom HRLSTFS1PARPY PEVORP HEIVES
cooling it to chécorgygehatedssbluciont intbovohdulbypdehehichaphgselock t he

brai n. At thistR?&Q&h LhﬁeQEaEQEﬁaHEEEbeLSghereby cooling the
solution. Once the cooled oxygenated fluid solution
5 leaves the heat exchanger 90, it continues in conduit 92
through the logic control unit 96.

Once past the logic control unit 96, the
solution moves through this conduit 92 until it
terminates in a high pressure solution coupling valve

10 102 outside the device 70. When the high pressure valve
102 is open, the catheters 106 are coupled to this
terminal conduit end 100, brain resuscitation or organ
preservation solution can enter the patient’s
circulatory system. The oxygen pressure preferred is at

15 least 17 psig, sufficient to drive this brain
resuscitation or organ preservation solution from the
reservoir 80 into the brain or organ respectively.

Other alternative embodiments may have two

. reservoirs. This would be especially useful in brain

20 resuscitation. The first reservoir would be kept at
body temperature or slightly cooler whereby this “warm”
brain resuscitation solution is available to flood the
brain énd quickly diffuses in it, whereby the blood-
brain barrier is crossed. The second reservoir is

25 available to deliver "cool” (approximately forty degrees
fahrenheit) resuscitation solution, chilled by the heat
exchanger, for the purpose of inducing hypothermic shock
(discussed below).

Another alternative embodiment of the two-

30 reservoir device, quite advantageous for brain
resuscitation, includes a first reservoir containing
unoxygenated fluid, kept at body temperature or slightly
below. A bolous of this "warm” unoxygenated solution is
initially delivered to the brain, so as to prevent an

35 oxidative burst of free radicals. The second reservoir
is available to deliver cool (approximately 40°F)
oxygenated resuscitation solution to the brain for the
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lgdys sl oned and free radical producti on decreases “The brain is

additio h{ | ed externally with natural or synthetic ic und )
t he patln‘& s'\éeié)@ad Once the procedure is conplete, conti numﬁgﬁgﬁ are
then made to resuscitate the heart and 15 restore the circulation. This can
be achi eved by drug adm ni stration, CPRYéranual and nechanical ), chest

conpression, and the like. Additionally, the gresent i nvention discloses a
met hod of repursposeat ofigindupingehypagheryinsshocke édiesnpserdy brdow) -as

ﬁr gan preserypli opdybl ”déséicilbaﬁ feat aibhaﬂbe% €863V ehePBbautienthei r
arvesting for transplan suc

met hod |ncIuvb%1%s9§$9¢§ﬂFh§gaﬁh§rgéi%%?&keegéggga%ﬁﬁﬁaﬂﬂf%F% oo Sjg:n by
fatheter|2|ngh§ éﬁb@ﬁlﬁéﬁﬁd aisblasbdZEnvrsssl auaplnsngltherongan or organ
| ssue pagenchyia, iBodTmbNEE £8558h: 2kl BAENPRhatOBRIPC YS! Belony MOt C
reservoir communicates with the oxygen source. The
“cool” oxygenated resuscitation solution is delivered to
the brain shortly after the initial "warm” unoxygenated
solution has been delivered.
10 Still additional alternative embodiments may

use preoxygenated solution in the reservoirs.
Reservoirs containing preoxygenated fluid solutien
eliminate the need for oxygen tanks as these devices
have sufficient power (enhanced electronics and powerful
15 pumps), capable of moving the brain resuscitation
solution from the reservoir in the device to the brain.
While these two preferred embodiments are
portable devices particularly suited for portable, field
use, they are also suited for stationery; clinical use.
20 Should a clinical device be desired, these two portable
embodiments could be made larger and modified
accordingly for such use.
In operation, the brain resuscitation/organ
preservation device supplies treatment solution for the
25 accompanying resuscitation or preservation methods
respectively. As previously stated, one aspect of the
invention comprises a method of treating anoxic and-:
ischemic injuries suffered as a result of cardiac
arrest, suffocation, drowning, electrocution, losses of
30 circulation, strokes, bodily injuries, toxic (carbon
monoxide, cyanide, etc.) poisoning, and associated major
trauma. '
Reference is now made to FIGS. 4 and 5 which
describe and show the non-invasive method of the
35 invention for brain resuscitation. freferably, this
method involves the initial step of shunting all

—_— effective cardiac output away from the lower extremities
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solution to it. The solution i-s cool ed bel ow body tenperature and
|ntroduced through the catheter. The solution includes conponents wth
serve to wyGdpdobe 30 organ’'s netabolismand decrease free raghg

product i on, whi | e keeping the organ viable. Specifically, the SO |on

i ncl udes tenperature-controlled perfluorocarbons, which are super-saturated
W t h- oxygen. These perfl uorocarbons oxygéhhte the organ by acting as 35 a
bl ood substitute, transportln%ééfygen in a manner sim |l ar to henogl obin.

Free radical @8Bfa BFdcthe Ratisntdshheanty &nd 5qi cal
scavengers. he&dTBQ %&@pmu(iant Q‘.‘Iﬁw}ﬂ&t\ﬂmbh ishereferabig r]° and prevent

the ions frongggggl Eﬁ%d wi prot ro%%e&%eoE'%%%%matlc compression
suits, which compress the lower abdomen and lower
5 extremities forcing blood to the heart. However, other
equivalent devices may be employed. During this time,
the patient’s lungs are ventilated with 100% oxygen
along with basic cardiac life support or chest
percussion and ventilation at step 114.

10 An artificial circulation through the brain is
established at step 116 as the patient 118 is
catheterized at an injection point along the circulatory .
system 120.. The brain resuscitation solution enters the
circulatory system through at least one blood vessel

15 (artery or vein). Preferably, at least one external or
internal carotid arteries are catheterized. These
carotid arteries are preferred since they are large
arteries leading directly to the brain and can be easily
found by feeling for the carotid pulse. Alternately,

20 any other blood vessel (artery or vein) may be the
injection point catheterized. Such points include the
femoral arferies, or jugular veins.

Balloon type catheters 121 with the one way
balloon valves at a distal point are preferred. Once

25 inserted into the arteries, the balloons inflate,
limiting any reverse blood and brain resuscitation fluid
solution flow toward the heart through the artery.

Prior to catheterization, the catheter lines
122 are attached to the brain resuscitation device.

30 This device is now activated and temperature controlled
(chilled) oxygenated brain resuscitation solution is
delivered to the brain at step 124. This brain
resuscitation solution is a mixture of various
components suitable for treating these ischemic and

35 anoxic injuries and keeping the brain and associated
neurofogic tissues intact. Specifically, the brain
resusc1tatlon solution is a fluid mixture containing
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which.is a cause of irreversible damage. Further-tissue damage protection -
i S acconwo s&ysgde®y i ntroducing 5 Lazaroids, an experinental ﬂm@b@§ﬁ4nQM/.
bei ng devel oped by the Upj ohn Pharmaceuti cal Conpany of Kal anazoo, '

M chirgan. All of the above-nentioned conpgsitions are included in a
solution simlar to that described above 80 for brain resuscitation. The

only. si gni f%%%ﬁ rence i s that_ barbiturat egs Wnigh ,i‘n uce a conma in
the brian, | VYR (AT §IRYS usRBCLA*4P82REpr eser vat i on
as this resulliazarqials naaiodiemn véhicles; amtridnts| andtother
above- ment i ongb iy 15 resuscitation solution, the organ preservation
and resuscitation solution (hereinafter organ preservation solution), is
chilled by cooling it kitiask¥y jtheRolutinn t bspeemperatese nhi bit
degener at isve d@itaAlied) Gind e Divedred Wé helhd eppi fRNa st 8Bt RRPLA§beén
sl oved, freechi.lled to approximately forty dégrees F. At this
temperatﬁre, the brain is hypothermicaily shocked and
. its metabolism, and subsequent free radical production
is slowed. This temperature controlling (cooling) step
10 124 may alone allow an additional thirty minutes of
brain viability. Additional cooling is achieved by
applying external cooling means to the patient’s head.
. The cooling means includes bonnets containing ice cubes,
synthetic cooling packets and the like. These bonnets.
15 may extend to cover the next'and spinal column. '

Barbiturates comprise from about 0.000 to 20.00
percent by volume of the brain resuscitation solution.
Preferably, the brain resuscitation solution includes
.001 to 10.00 percent by volume of barbiturates. These

20 Dbarbiturates drive the brian into a submetabolic coma at
step 126. Brain metabolism and subseqﬁent free radical
production are further lowered. ,

Thiopental is the preferred barbiturate. It
has a fast induction time as it can cross the blood-

25 brain barrier in three to seven seconds. Alternately,
Secobarbital or Pentobarbital may be used.

Oxygen carrying agents comprise from about 0.00
to 99.90 percent by volume of this brain resuscitation
solution. The preferfedibrain resuscitation solution

30 includes 10.00 to 99.90 percent by volume of oxygen
carrying agents. Perfluorqcarboné'are the preferred
oxygen carrying agents, as they have an extremely high
oxygen carrying capacity. When delivered to the brain,
in this oxidation step 128, these perfluorocarbons are

35 supersaturated with oxygen, having been oxygenated in
the fluid reservoir. These perfluorocarbons act as a
blood substitute, carrying oxygen to the brain similar
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20 _radical

will renmmin viable,

production decreases. Once this procedure is conplete t he organ

such that harvesting and subsequent transplantation nay

t ake pl-acwe4/2896@t er time. The harvest organ will have sust apcEtssgasrés

i f any 25 danmage,
normal life.

devi ce can be %d%%% QHJ{ Qi céﬂéu fr f'.ﬂl'@s% c%ﬂ:‘ﬂﬂncse | udes

I on or gan preservatlon sol ution

a reservoir

and the transplant recipient will be able to resune a

The present invention includ a device for delivering the
af orenenti oned brain resuscitation or org preservation sol utions. The

for

rain FESUS

whi ch comuni @&mrﬂtﬂﬁ%ﬁ%@%i%m@da@t@mé&e ®agH@and<ds. Upon

activation,
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| t erewlaeions atehRafRtdtires R tveed \Wiand %sg%@t ides tHhe
brain 35 resuscitatio

solution is then punpe

oo dn e Somaee Fron ot o. DY (3OREY o
percent by volume of this brain resuscitation solution.
Preferably, the brain resuscitation sclution includes
0.001 to 30.00 percent by volume of antioxidants. These
antioxidants are the preferred free radical scavengers.
Once introduced into the brain at step 130, these
Antioxidants compete with brain tissue proteins as
binding sites for the free radicals, mainly ionic 0,.
Since a large portion of the free radicals complex with -
antioxidants, a substantial amount of free radical
damage is prevented since these same free radicals do
not bind and form complexes with proteins in the brain

. and associated neurologic tissues. The preferred

antioxidants include Vitamin A, Vitamin B, Vitamin C,
Vitamin E, Selenium, Cystine, Cysteine, BHT, BHA,
Hydergine and the like.

Lazaroids, as experimental drug class being
developed by the Upjohn Co. of Kalamazoo, Michigan,
comprise about 0.00 to 30.00 percent by volume of the
brain resuscitation solution. Preferably, Lazaroids
comprise .001 to 20.00 percent by volume of the btain
resuscitation solution. These Lazaroids are the
preferred agents for protecting and reversing anoxic
brain injury for up to forty-five minutes of anoxia, as
shown in animal studies. These Lazaroids as well as
nutrients, are introduced to the'brain at step 132 in
the brain resuscitation solution. Lazaroids are also
free radical écavengers which fall under two major root -
moieties: pregnanes,-rahging'in molecular weight from
roughly 580-720 and benzopyrans, ranging in molecular
weight from 425-905.

The brain resuscitation solution may include up
to SOaperceht by volume of components which act as
carrler vehicles and diluents for the antioxidants,

i



t he heat exchanger, where it is cooled. Wen brain ~ 9 resuscitation S

desired, 3%§§@é§$éed solution is then introduced to the patient's .
circul at m.t hrough the catheterized carotid arterlesPG?nﬁpﬁ@W@ﬁlood

vesSels and directed toward the brain. Alternately, in organ 5
preservation, the cooled solution is intgoduced into blood or |ynph vessels
supplying the organ, the organ itself or the tissue surrounding the organ.
For exanpl e, baxhitiiratesnc peasfludodariogis rand dazaraidsl ng tissue, would

gr (r)\éljldgt ?gnorl%rﬂl&;?{}%escrl pti onwg#q[é aw nff%féﬂgdm?%r%en%fée& der
under st andi n@ig® ove agents in traversing brain cell
membranes. Additionally, the brain resuscitation
5 solution maY'contain'physiologic buffers to maintain pH.

Nutrients gre a1so'provided in this solution,
up to 30 percent by volume. Glucose is one nutrient
which is preferred. _ '

'Finally, the solution may contain up to 10

10 percent by volume of heparin or other suitable anti-
blood coagulating agents to stop blood clotting which
may occur due to lack of blood flow during the
resuscitation attempt as a side effect of arterial
system blockage and fluid backflow from the balloon

15 tlpped catheter.

Once this method has been performed and the
brain resuscitation fluid has been properly
-administered, continuing efforts to restart the heart
and restore the circulation at step 134 should be made.

20 Alternately, a method exists for use in
emergency situations. 1In these situations,
preoxygenated fluid may be directly injected into the
patient’'s circulatory system. This is done by removing
the reservoir canister from the brain resuscitation

25 device and attaching it to a catheter line and then
catheterizing the patient’s circulatory system, or
placing fluid from the reservoir canister into a syringe
and injecting the patient.

The invention additionally discloses a method

30 for preserving organs such as the heart, lungs, kidneys,
pancreas and liver whereby they. remain viable and
suitable for harvesting and subsequent transplantation.
The method involves establishing an artificial
circulation through the organ to be harvested, as the

35 patient is catheterized at an injection point. This
injection point typically includes a major blood or
lymph vessel, the organ itself, or tissues surrounding

———————
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i nvention reference should be .made to the drawi ngs 15 wherein: FIG 1 is a
front view of the portable brain resuscitation/organ preservation device of

t he |nven“kp%, t ¢/'strating the internal conponents; FIG 2 | %ﬁﬁEy ew
of tthe portable brain 20 resuscitation/organ preservation deV|ce
FIG 3 is a front view of a second enbodi nrent of the portable device shomn

in EIG 2; FIG 4 is a flowchart of the 2®thod of the present invention;
and 25 - FIG 5 is a front view of the patient being cat het eri zed.

Det ai | ed Descithg iosigad- t HE Br Jimpls vREse) iy qarhetesizednd © shaldr ain
30 resuscitat baniier @q@;s&r gﬁ@r:mtu.gn tde e ofgdrito yb oz, t he

| nvention is %%@fé%ﬂb y, arterles proximate to the organ are
catheterized, as they can be found easily and provide a
5 direct route to the organ.

Balloon-type catheters (similar or identical to
those disclosed above) with one-way balloon valves at
distal point are preferred. Once inserted into the
vessels of the circulatory system, the balloons inflate,

10 1limiting any reverse blood flow and organ resuscitation
fluid solution flow away from the organ to be harvested.

| The organ preservation solution may be

delivered to the injection point through catheters from
the reservoir in the organ preservation devices. Once

15 the devices are activated, temperature controlled
(chilled) oxygenated organ preservation solution is
delivered to the organ. This organ preservation
solution is a mixture of various cbmponents suitable for
keeping the organ viable. Specifically, the organ '

20 preservation solution is a fluid mixture_containiﬁg
oxygen-carrying agents, antioxidants, Lazaroids, carrier
vehicles, nutrients and other chemicals. It is-similar
to that disclosed above for brain resuscitation except
that barbiturates, which may be included, are not

25 required as there is not a great need to induce a coma
in a brain-dead patient or cadaver.

Initially the solution is temperature-
controlled and delivered to the organ after having been
chilled to approximately 40°F. At this temperature, the

30 degenerative metabolism of the organ is slowed as the
- subsequent free radical production (0,) decreases. This
temperature-controlling (cooling) step may alone allow
up to an additional four hours of organ viability.
Additional cooling is achieved by applying external
35 cooling means to pbrtions of the patient or cadaver
proxiﬁate to the organ to be harvested. The cooling
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incl udes an outer casing 22 with a handle 23 and a W ndow 24. The mnndom124
is located within a first side 25 which has a greater width than |ength.

The .casi WP 2428260 | ncl udes an i nner chanber 26. This inner chREBAISIN5764
cont & ns conmponents which include a reservoir 30, an REPLACEMENT SHEET
16JAN1997 10 oxygen tank 34, a heat e?ghanger 38, a punp 46, a logic
control 'unit 50, and a power source 54. e reservoir 30 holds the brain

resusci tat'o'?aéh][nlé)rzgﬁﬂﬁ@&ﬂf | Cone Mh@nicd F@uﬁ@é}étwﬂtﬁéﬁmig 5
bpgﬁyigg? Lf a ui qékégéa %P ékéogfkconponents and i's pac age in
Oxygen carrying agents comprise about 0.000 to
99.900 percent by volume of this organ preservation
5 solution. The preferred organ preservation solution
includes 10.000 to 99.000 percent by volume of oxygen
carrying agents. Perfluorocarbons are the preferred
oxygen carrying agents, as they have an extremely high-
oxygen capacity. When delivered to the organ, in this

10 oxidation step, these perfluorocarbons are
supersaturated with oxygen, having been oxygenated in
the fluid reservoir. These perfluorocarbons act as a
blood substitute, carrying oxygen to the organ similar
to hémoglobin in the blood. These perfluorocarbons are

15 temperature controlled and enter the patient’s
circulation at temperatures between 0 and 105 degrees F.

Antioxidants comprise from about 0.000 to .
- 50.000 percent by volume of this organ preservation
solution. Preferably, the organ preservation solution

20 includes .001 to 30.000 percent by volume of
antioxidants. Thése antioxidants are the preferred free
radical scavengers. Once introduced into the organ,
these Antioxidants compete with organ tissue proteins as
binding sites for the free radicals, mainly ionic 0,.

25 Since a large portion of the free radicals complex with
antioxidants, a substantial amount of free radical .
damage is prevented since these same free radicals do
not bind and form complexes with proteins in the tissues
formihg the organ. The preferred antioxidants include

30 Vitamin A, Vitamin B, Vitamin C, Vitamin E, Selenium,
Cystine, Cysteine, BHT, BHA, Hydergine and the like.

_ Lazaroids, an experimental drug class being
developed by the Upjohn Co. of Kalamazoo, Michigan,
comprise about 0.000 to 30.000 percent by voiume of the

35 organ preservation solution. Preferably, Lazaroids
comprise 0.001 to 20.000 percent by volume of the organ
preservation solution. These Lazaroids are the
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singl.e i nredi,at e use. These canisters can be replenished (refilled) and
exchanged -for continued |life support. The specific conponents are discussed
bel ow i n 1W0aM8Pélance with the nmethods of the invention. PrefROTAISMIOSIHNI s
resefvoir 30 is adapted to hold three liters of fluid contained within

repl aceabl e canisters 32. The preferred cagysters are clear plastic bags,
such.that fluid depletion in the reservoir 30 can be 15 viewed through the

wi ndow 24. Howgygferirldsagentiss £8kS pratele ingdafdC 2elaradng amexdcof opaque
material. An oxygen t abl e to various %ressunes ni cat es

nk 34, .adj_us , _CO
with reservoir?® uFWr%H&h“R FPr?Pr%XHE&VF BADUERS OF BORELS4 BS SIYEY by a
val ve 20 36, wihnchnimadpstadiesce ThesdclLazardidssaacweldtad. Tank 34 is
preferably a cylhB9daheben bAChGE bRk eBYtBoyheiBEBS§ LY PLeEhe .
cont ai ni ng oxygen pressurized to at [east 17 psig:.
5 preserving the organ. Lazaroids are also free radical
scavengers which fall under two major root moieties:
Fregnanes, ranging in molecular weight from roughly 580-
720 and benzopyrans, ranging in molecular weight from
425-905. |
10 The organ preservation solution may include up
to 50.000 percent by volume of components which act as
carrier vehicles and diluents for the antioxidants,
perfluorocarbons and Lazaroids. Dimethylsulfoxide
(DMSO) is the preferred carrier as it aids the above
15 agents in traversing tissue cell membranes.
Additionally, the organ preservation solution may
contain physiologic buffers to maintain pH.

Nutrients are also provided in this solution,

up to 30.000 percent by volume. Glucose is one nutrient
20 which is preferted.

The solution may also include up to 20.000
percent by volume heavy metal scavengers or chelating.
agents. These heavy metal scavengers or chelating
agents would also serve to inhibit free radical damage.

25 Desferoxamine is one preferred heavy metal chelator.

Cytoprotective agents such as Calcium Channel
Blockers (CA™) may also be present in this organ
resuscitation solution in amounts up to 10.000 percent
by volume. These cytoprotective agents, inhibit cell

30 damage by stabilizing the cell membrane.

Additional metabolic mediators such as MK-801
and glutamate, aspartate or N-methyl-d-aspartate (NMDA)
antagonists may also be in the solution up to 10.000
percent by volume.

35 Finally, the solution may contain up to 10.000
percent by volume of heparin or other suitable anti-
blood coagulatihg agents to stop blood clotting which
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A heat, exchanger 38 capabfe of controlling the 25 fluid s ténperature,_- v

surroundsweosgssegsr 30. Preferably the heat exchanger cools hﬁ%ﬁ@ﬁi
an internal endotherm c reaction, once a charging valve 40 is

chargi'ng handl e 41 on the device is activated. The exchanger contains
Ammonium Nitrate and water, which 30 are 2fitially separate. Upon
activation, these chem cals contact each other, reacting endothermcally,

causi ng the h&RY SefEhgue 1t dagk ofidioshdiioy during fhe taramRier ' s
cooling can berE@RRId Y fact alw pat e d didad.ce), freon or a

mechani cal cooling devigce. 39, A second conduit 44 extends from
the reservoir and com"nﬂﬂcc?attg'&%“l%ré?%z}}% rnﬁqr%f‘“ﬁﬂrﬁ ,‘S'teapabl e of -
punpi ng at vanrgan preservationmenlution has been properly

5 administered, organ harvesting may begin.

g
n a

From the foregoing description, it is clear
that those skilled in the art could maks changes in the
described embodiments and methods of the invention
without departing from the broad inventive concepts

10 thereof. It is understood, therefore, that this
invention is not limited to the particular embodiment
disclosed, but it is intended to cover any modifications .
which are within the spirit and scope of the claims.

T -




comruni cation with a | 50. The punp 46 and the logic
control-50 unit are bom“mmm‘“)“lmg“energy source 54. However, the

devi cé i swplugiaabéee an el ectricfaddpter. A battery pack i Spdpgsdaigdté red
5 enérgy source 54. The logic control unit 50 includes (not shown?ﬂ

oxygen pressure sensor, a fluid mass flow sensor, a fluid pressure

I ndircator and regulator, a fluid tenperal%ﬁeai ndicator and regul ator, a
fluid tenperature indicator wi_th feedback to a mass sensor, 10 and a timng
device for esWBAR ESqCLBIMEDXIS2he f|yid in the reservoir will be depleted
at a given mass fllow Khmdtm&m@rmlemﬁig organs @mw ahatheaial e. and
node of punpl pul satil e
rate and m)de Pg Egﬁ‘gﬁh[ %éh S::r%{ifsﬂgtsg:gﬁgn% evx\}q:of a beating
heart . Nbasurtwansplﬁn$v1bogpslﬁonurol unit 50 are dlsplayed on an LED

digital digplay 56. Digital ¢dtap13%hi%g an artificial circulation in
an organ of a patient or cadaver by catheterizing said

patient or cadaver at an injection point;
b. oxygenating the organ by introducing
oxygen carrying agents through said catheter;

10 c. lowering the organ'’s temperature by
introducing cooled fluid through said éatheter, said
cooled fluid being at a temperature below body
temperature;

d. inhibiting free radical damage by

15 introducing free radical scavengers through said
catheter; | '
whereby the metabolic. rate of said organ is slowed and
said organ remains viable.

.20 2. The method of claim 1, wherein said method
further involves the step of introducing tissue-
protecting agents and damage~reversing agents through
said catheter.

25 3. The method of claim 1, wherein saidlinjection
point is at least one blood vessel, one lymph vessel,
said organ-or the tissue surrounding said organ.

4. The method of claim 3, wherein said blood
30 vessel is at least one artery or vein.

5. The method of claim 1, wherein said oxygen
carrying agents include perfluorocarbons. . -

35 6. ‘The method of claim 1, wherein said fluid is
cooled to approximately 40 degrees Fahrenheit.

~ This Sheet Has Been Refilaced - SUBSTITUTE SHEET (RULE 26)
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preferably shoms the flowrate of thé brain resuscitation ’
sol uti on. . !ﬁ@mﬂ%ﬂ Eﬂjﬂ duit 44 extends ‘through the punp 46 - -
and. | ogi ¢ eﬂﬁpﬁﬂw uni tes in a side opening 5PCRIUSHOSHEi ce

20. Preferably, this side opening 58 is on the side 66 adjacent to the
| ongi tudi nal side 25. Side opening 58 is ggpable of 25 attaching to
catheter lines 60 to permt brain resuscitation solution to enter the

patient's circulayory glet fethblr efgeladmhat,ewhereip sadd ifree a single,
but preferabl ernal _or er.nal arotlgn%rterles Simlarly, side

openi ng 58 is¥€§bﬁﬁies§%V8P9§FFaéH°ﬁadFoa ﬁgég Ples 60 to permt organ

preservation solution to enter the patient's circulatory system through

catheters 62 placgd i npfea étﬁgheo¥egighmnqarthQeqhhgglgpught to be
preserved, the organ itsel P or tissues surroundin e organ
5 antioxidants comprise: Vitamin A, Vitamin B, Vitamin C,
Vitamin E, Selenium, Cystlne, Cysteine, BHT, BHA and

Hydergine.

9. The method of claim 2, wherein said protecting’
10 and reversing agents include Lazaroids.

10. A method of preserving organs comprising:
a. providing a solution including
barbiturates, free radical scavengers and oxygen
15 carrying agents;
b. oxygenating said solution;
c. cooling said solution to a temperature
substantially below body temperature;
d. introducing said solution into a patient
20 at an injection point within said patient’s body; .
whereby metabolic rates of the tissues in said organ are
slowed, enabling a viable organ to be harvested for
transplantation. '

25 11. The method of claim 10, wherein injection step
- further includes providing said solution with tissue
protecting agents and tissue damage reversing agents.

12. The method of claim 10, wherein said oxygen
30 carrying agents include perfluorocarbons.

- 13. The method of claim 10, wherein injection point
is at least one blood vessel whereby said injection
point is at least one blood vessel whereby said solution

35 uses the circulatory system in moving to said organ.

—_—
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35. .. - . Wth r s 62, one way bal |l oon.tipped catheters
are preferred. The gnaﬂ 'gmﬂHiEL |nflate upon activation to bl ock
pot.ent i awo sar2896e bl rain resuscitation or orgeer/PEeGesHEAL 1 on
fluixd flow toward the heart (except in organ preservation where the heart

i's being resuscitated). Addi tionally, # Is preferred that this adjacent
side 66 also contain 5 openings for vent ﬂg excess oxygen 68 and for oxygen

i ntake 69. This gethY\[P?%%qh;da?%€ ﬂhf@e éTitp .pxpegalé)ru(% é’[&fgﬁunct

oxygen sources. on ac rarn resus I on -or
preservation pﬂﬁmﬂ:é,s tate keasate ronennkymph mmllcsaiq)mamd qx elsm:ru zed

oxygen is relgashib fSABJdHIRY 4% organ.

5 15. The method of claim 10, wherein said free
radicals scavengers include the antioxidants: Vitamin
A, Vitamin B, Vitamin C, Vitamin E, Seienium, Cystine,
Cysteine, BHT, BHA, and Hydergine. '

10 16. The method of claim 10, wherein said solution
is cooled to approximately 40 degrees Fahrenheit.

- 17. The method of claim 10, wherein said tissue
protecting agents and said tissue damage reversing
15 agents include Lazaroids.

18. A method of treating anoxic and/or ischemic
brain and associated nervous tissue injury comprising:
a. providing a solution including
~ 20 barbitirates, free radical scavengers and oxygen
carrying agents in a first and second amount;
b. introducing said first amount of said
solution in an amount effective to prevent an oxidafive
_ burst of free radicals into a patient at an injection
25 point within said patient’s body;
c. oxygenating said second amount of said
solution; _ _

d. cooling said second amount of said
solution to a temperature substantially below body

30 temperature; .

e. 1ntroduc1ng said second amount of said
solutlon into said patient at said 1n3ectlon point
within said patlent's body;
whereby metabolic rates of said nervous tissues are

35 slowed during treatment.

*
L

is Sheet Has Been Re aced

[ Ml |Ill

SUBSTITUTE SHEET (RULE 25




tank 34 into contact with the b‘l‘al n resuscitation or organ preseryation

fluiy,

t.hereby oxygenating it~ The heat exchanger 38 is activate

EHR)

rel easing the ch A9 val ve 40. ggcg Ecé'v d, the genat edgSddt i on

in 1§ the reservi;l&tfs cool ed. WORLD: hgﬁz%%n%ﬁ%’g t hr ough f second
conduit 4 S p{,ﬁﬁgﬁ] LS UNCHR Q:d@ﬁh@

|Og| C G Hﬁﬁl&h qrn\/ Sgt.irgiéggvj S ﬁ*\ﬁfial’\l

pack. A@MMWW%FWﬁPﬁ'ﬁ 0gi ¢ coHt ( ofl (L1diTrcernaB@alFobifcation Nemberrov s (WO 94/28960
chill ed oxxeemz2ied sol ution through th second condui f. Solutign then

enters|a catheter line 60, attached tb aH &) nterastional M\?Pﬁ'@ mﬁ@’?ﬂ?‘fg%lw’
delivenned to the brain or organ through the atheters 62

pr ef er | &3 Intemetional-Appiicagion Nugbery 5 nWM?@alf’l‘W ﬁ% %éw;“(“
20 i's 1 ehiadechSdoal FHERY Bate: | 1 1S B0k BB @05541]t CaseT e In appearance, - ah
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(54) Title: BRAIN RESUSCITATION AND ORGAN PRESERVATION DEVICE AND METHOD
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| (57) Abstract

The invention discloses a method for preserving organs in brain-dead humans or cadavers which allows additional time for the organs
to remain viable such that they may be harvested for subsequent transplantation. The method includes the steps of catheterizing the vessels
orussuesmundthcorgansoughtwbemmvdmmdmgammconmnedwlmnmcoolmemmomhibndegencmuve
meubohsn.oxygemtugtheorgmandmhibmngﬁeendxaldmge. The temperature controlled organ preservation solution includes
perfluorocarbons, antioxidants, ussuedamagexevamgandpmmgagems, carrier vehicles, diluents, nutrients, and anticoagulating agents.
A device which performs this method is also disclosed. msdevwemcludesaﬂmdreservor(w),anoxygenhnkmxahwexchmger
(38)andxemovablecathewrhm(60) Also disclosed is a method for brain resuscitaion involving injections of "warm"” mnscmonsoluhon
followed by injection of “cool” and oxygenated resuscitation solution.
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fields, aircraft, I spacecraft ener gency treatnent

faC| I |t|wos4zm|sot he ghtvvel ght and can be car pceassansmgsly to
the“patient. In one exarrp e o the device the outer casing neasures twenty
|nches by eighteen inches by fifteen If&es and weighs approximately thirty
35 pounds. FIG 3 is a second enbodi nent of the brgjn resuscitation/organ

preservation device 70. This 13 enbodi nent isCkfethanical. It is nmanually
activated and i operative under pneumati & power genera by
pressuri zed oxyﬁrlG-D!vi ce 70 inc)ld frhg 2 .
r36 35+ _ 40 6
( \r. —— LED
(V) s ) ) 22
\ . \' .:. Azs
/ . o:' Z—SL 62
S ' . 124
o @ o)
/é\_" 60
e | o) | ‘s8
- 50
30 32 38 44 46 54
FIG.3
f
72—~ 1)~
-,51 80
T4
-85
F—84
102~ {ree
100 | . | 192
" | H-s8
1047}
12
- 86
75 ,VD
94
10 90
1.92
927 T : -1 98
99 : \J — 96
= > 92

~ SUBSTITUTE SHEET (RULE 26)



/2. Wth a handle 73 and preferably a window.74, located 5 in a first side
75 having a greater length than width. The outer casing 72 includes an

i nner chwipe4/28860 Thi s i nner chanber 76 contains conponent s RET/USH470STd4ude a
res€érvoir 80, an oxygen tank 82, a.heat exchanger 90, and a |logic control
unli 96. 10 The reservoir 8@JA&I ds the brain resuscitation or
organ preservation solution of the invention. The brain resuscitation or
organ preservation solution is a mxture of various conponents and is . .
packaged ipn_pre red anlsters for a single |nned|ate 15 use.

preservat|nn B 0 ANG Egﬁgﬂ-b-‘OW/ln accordance with their
respective ' : eservoir 80 20 is adapted to hold four to
ten liters of sol ution

VENTILATING LUNGS AND |
MAINTAINING UFE_SUPPORT 114

ESTABLISHING AN ARTIFICIAL | FIG5
CIRCULATION IN THE PATIENTS |~ 116 ‘
CIRCULATORY SYSTEM

COOLING THE BRAIN

DRIVING THE BRAIN
INTO A COMA

OXYGENATING THE BRAIN

INTRODUCING FREE
RADICAL SCAVENGERS

INTRODUCING BRAIN AND
ASSOCIATED NUEROLOGIC TISSUE— 132
DAMAGE PREVENTING |

AND REVERSING AGENTS

CONTINUING EFFORTS 70
RESTART THE HEART AND b~ 134
RESTORE CIRCULATION

| FIG.4 -
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exchanger cools 35 by undergoin

expl ai ned with the f|rthGnBEGFﬁﬁﬁtiﬁﬁ%VEi°4k§ﬁ14§§ﬂuﬂﬂ$§r

Wogtss-5 sves

Fhl aceabl e canisters 84. The preferred canisters are
g«itfhr ough which the fluid depletion in the reservoir 80

Reservoir 80 commruni cat es

82 through channel s 185, which open when chargi ng handl e

sa%#%&&%&lﬂnhogﬁéﬁﬁe oxygen |

g de; 3 and is

S pressurized

80 al so conmuni cates with a heat
capabl e of controlling the solution's tenperature

conduit 92. 5Slmlar to that of EQEIH b £RAPPHL

t hrough a
the preferred heat
2mic reaction, as
Yc&Rmuni cat es

W th the char gitgaltingl €schemic and anoxic brain injuries associated

.10

15

20

25

30

35

with cardiac arrest.

More particularly, the present

invention provides an apparatus and method for
resuscitation of the brain and maintenance of viability
during trauma or other periods of decreased blood flow,
allowing the health professional extra time to restore

blood circulation.

With the present invention, the

brain and associated neurologic tissues remain intact,
throughout attempts to restart the victim’s heart and
restore circulation, allowing the victim increased

chances of survival with less chance of permanent braln

damage.

The present invention also provides an
apparatus and method for preserving organs in brain-dead
patients or cadavers, which keeps the requisite organs

viable for extended time periods.

With this invention,

the organs may be preserved such that they are suitable
for subsequent harvesting and transplantation.

Brief Descrigt;pp of the Prior Art
During cardiac arrest, the heart ceases to pump

blood.

Subsequently, there is no circulation, and the

brain fails to receive freshly oxygenated blood.
Without a steady supply of oxygenated blood, the brain

w111 cease to function.

Current resuscitation techniques for cardiac
arrest have been directed almost exclusively towards the
heart. However, even with methods such as ?
'cardidpulmonary,resuscitation {CPR), patient survival

rates are low.

In hospitals and clinics with advanced

CPR and life support systems, the survival rate is

normally around 14%.
survival rate is about 5%.

Outside of hos@ital settings, the
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14.through a valve 94, which when activated by pulling, initiates cooling.
Conduit 92 extends through the heat exchanger 90 into a logic control unit
96. Logic control unit 96 5 includes (not shown) an oxygen pressure sensor,
a fluid mass flow sensor, a fluid pressure ind cator and valve 98 for
regulating fluid pressure and flow, a fluid tenperature indicator and

regul ator, a fluid tenperatdpenyg eaxdiag aginestf stditios bveta&issleaasnhan

and a 1im ng 10 dexD§eshei 6 ST A 1y Thedod qnunwgﬂﬁo{,eservm r

i romthis_lo
Sontrol are diopl AYLHRbALSRRE BEFETY dRAYH < plile SSHeR SPPRPXAREPAY 8D
shows the brain either die or sustain some neurologic injury from
5 Jischemia (i.e., lack of blood flow to the brain), or -
anoxia (i.e., lack of oxygen to the brain). Such
frequency of neurologic injury occurs because after
cardiac arrest, basic cardiopulmonary resuscitation:and
advanced life support techniques, such as CPR, closed
10 heart cardiac chest massage, and electroshock
treatments, typically require fifteen to twenty minuﬁes
to regain circulation from a failed heart. Reversible
neurologic damage beings as early as four minutes and
irreversible neurologic damage beings as eafly es six
15 minutes after circulation stops. To combat this
potential neurologic injury, initial resuscitation
efforts need to be directed toward reviving the brain in
addition to resuscitating the heart. _
As indicated above, anoxic and ischemic brain
20 injuries from cardiac arrest result in damage to the
. brain and associated neurologic tissues after about four
minutes. In conﬁrast, the heart can survive intact up
to four hours after cardiac arrest. The short viability
of brain tissue upon deprivated oxygenated blood is a
25 result of the requirement of high amounts of nutrients
fqrggissue mainteﬁance._ Brain tissue uses almost all of
the nutrients supplied by the circulating blood for
meihtenance and has very little remaining for storage.
Absent blood flow to the brain, the small amount of
30 stored nutrients is rapidly exhausted. once exhausted,
brain oxygen content rapidly depletes. This oxygen
depletion is traumatic and causes a series of reactions
in the oxygen starved brain tissue cells. These
reactions produce free radical ions, primarily
35 consisting of the superoxide radical 0,”. These free
radicals eomplex with proteins in the brain and
associated neurelogic tissues, altering respiration,
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resuscrtatron or organ preservation fluid tenmperature 15 and flow rate.
Conduit 92 extends fromthe logic control unit 96, to a termnal point 100
outside the device 70. A high pressure fluid coupling valve 102 is at this
term nal point 100. The valve 102 is opened when the 20 device 70 is
activated. This termnal point 100 is suitabl® for attachnent of catheter

i ne 104 and subse uent atheters_1 wi-ih devi ne ba

ti pped catheters 5 5??3%efna§$t%F€Gf fﬁﬁf (§$Qﬁ§¥i on
t he bal | oon portidnreﬁerheb&xtdemegingfthess tISQnﬂsrm)possrble reverse
bl ood and brain resuscrtatpeﬁoeree SfﬂspéésﬁééﬁﬁéfﬁhéiﬁgﬂﬂHEWHﬁdiﬁ hawer d

the heart. Additignally, I S erred that device cont.al n openi ngs
for venting exceséng?}géﬁ Qﬁgh% 18??3%“°3@¢??ﬁ%&&?5fr nEXPding, i nt ake can
be fromthe at Sosphgsfécally into the brain itself. Such invasive

techniques are described in U.S. Patents 4,378,797 and
$,445,500 issued to Osterholm. These patents describe 2
stroke treatment method which is a direct physical
intrusion into the brain itself. In this method, an

10 openihg is drilled directly through the skull through
the brain into the pons or brain ventricles. These
areas are then directly cannulated and flooded with room
temperature oxygenated perfluorocarbons. These entering
perfluorocarbons mix with cerebral spinal fluid, whereby

15 they are’carriéd throughout the brain and associated
neurologic'tissués through channels within the central

' nervous system, sometimes referred to as the “third

circulation.” Excess fluid is drained tHrough an
opening invasively placed in the cisterna magna of the

20 brain. : '

This stroke treatment method has several
drawvbacks. This method must be performed in a surgical
environment by a skilled surgical team. It cannot be
done by a single person with basic medical training. It

25 cannot be done in the field or other emetgency type
settings. The device used in performing this stroke
treatment is not portable. Additionally, since this
procedure is invasive (drilling directly into the
brain), there is a high risk of mechanical damage to the

30 brain and associated neurologic tissues. Finally, the
treatment fluid used contains essentially
perfluorocarbons. It lacks any agents needed to inhibit
free radical damage. | |

.Additionally, desplte the dramatic success and

35 :increase in the number of organ transplants, there

" remaihs a massive shortfall of organs suitable for
donation and subsequent transplant. The demand for

REPLACEMENT SHEET|
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or adjunct oxygen sources. Device 70 is activated when the user pulls the
chargi ng handl e 86. This action opens a valve 88 on the oxygen tank 82,
rel easi ng pressurized ‘oxygen, which 35 noves through channels 85 into the
reservoir 80 and into contact with the brain gesuscitation or organ
preservation solution thereby oxygenating the fluid solution. The
pressure from t hi PRgaREMRePaing greateore thane they gupplyd sdsuki vesultp

conduit 92 whi ch parsffandy G10haoglerunhecaarass190dbher eby cooling the
sol ution. Once the cool ed %ﬁﬁgg ated f,luid solution § | eaves the at
. |B§

h
exchanger 90, it continues &0 igony, PsGansene | FCPBBﬁPFB?funit 96.
Once past the | ogiabwelancsd afhisuid@blehergans. Specifically, more than

5 1.5 million Americans who die from trauma, accidents'or
cardiac arrest with organs suitable for transplant,
could easily have their organs salvaged.

Present salvaging techniques include putting

the organ in ice after having been perfused in a Collins

10 solution. This Collins solution mimics the internal
environment of the cells, which form the organ tissue,
and keeps the organ viable for approximately forty-eight
hours. 1In most cases, these present methods do not
permit sufficient time to transfer a suitable viable

15 organ to the needy recipient. This is because organs
deprived. of oxygen nutrient rich blood flow in a body at
normal body temperature suffer irreversible damage and
injury in just a few hours or less. For example, the
heart must be salvaged almost immediately, while the

20 kidneys must be salvaged within one to three hours.

Under present circumstances, the time prior to

that which'd:potentially transferable 6rgan may be
salvaéed isznéﬁally delayed. 'This occurs because the
brain-dead person must first be brought to a hospital.

25 Alternatively, a person dying outside a hospital or
other clinical setting must first be brought to a morgue
and be pronounced dead. The family must then sign organ
donation forms. 'Only after the brain-dead person has
been broﬁght to a hoépital and the organ.dénation

30 procedures are compléte, may a surgical team be
permitted access to the body to harvest the viable
organs for transplant. This procedure tékes time to a
point where organs are irreversibly damaged or are no
longer viable. o

35 It is therefore an object of this invention to
non-invasively'ﬁreat ischemic and anoxic brain injuries
immediately upon cardiac arrest wvhereby resuscitation

REPLACByﬁﬁﬁfgﬁf‘f
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solution noves through this conduit 92 until it termnates in a high
“pressure solution coupling valve 10 102 outside the device 70. Wen the

hi gh pressure valve 102 is open, the catheters 106 are coupled to this
term nal conduit end 100, brain resuscitation or organ preservation
solution can enter the patient's circul atory system The oxygen pressure
preferred is at 15 least 17 psig, sufficient to drive this brain
resuscitati on orefifoyts aresappldiedniaotime ofof ranpdtiente ey \sunvide i nto t he

brai YIRS | t | LIE. t
eaervoi re. ettt 1y ditacf . | thpPa iEe iy bl ity P, 1O
first reservoir eff@rdspEocdpmediatedy teapting the Prajngihe, praseant

wher eby this "vwdmnvention al@eusCinkdical persohnel i substantile to flood the

o oaes 'S MR el [nellacEle ! BEOLORE" e LR Vindok
to regain the failed heart’s circulation without the
patient suffering neurologic damage.

It is also an object of the invention to
provide a method of treating ischemic and anoxic brain

10 injuries suffered upon cardiac arrest so as to inhibit
free radical éhemical-species from complexing with
proteins in the brain and neurologic tissue to avoid
permanent irreversible damage.

- It is another object of the invention to

15 resuscitate the brain by establishing a non-invasive,
artificial circulation of synthetically oxygenated blood
to the brain.

It is yet another object of the invention to
prevent and reverse potential damage to the brain and

20 associated neurologic tissue suffered as a result of
ischemic injury due to cardiac arrest, major trauma,
.suffocation, drowning, electrocution, blood loss and
toxic poisoning from substances including carbon
monoxide and cyanide.

25 It is further object of the invention to
provide a device for treating the aforementioned -
injuries, which is suited for field as well as clinical
use and that can be operated‘hy a single. person with
minimal medical training and experience.

30 ' - It is still another object of the invention to
provide a solution capable of inhibiting free radical
ions from complexing with proteins in brain and .
associated neurologic~tisSue, and capable of protecting
these tissues and reversing injuries to these tissues,

35 thereby expanding the brain’s critical four minute
viability window. -
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3

25 available to deliver "cool" (approximately forty degrees fahrenheit)
‘resuscitation solution, chilled by the heat exchanger,for the purpose of
i nduci ng hypot herm ¢ shock (di scussed below). Another alternative

enbodi nent of the two- 30 reservoir device, guite advantageous for brain
resuscitation, includes a first reservoir containing unoxygenated fl uid,

kept at body tenperature gt $5i 8811Y SfdbONer AR ERDOELEB $nvéRETdn to

unoxygenated solution. s initjally.delivered to the brain 0 as pr event
an 38 ox. dative BUPYRAe: arPekhPd PF PresSnEing ARmTe.d, $heLT; Tiahlel hni o
to deliver cool 6E&ppeexinabeaintdead patyimnts axr cesiaversat ionosdent fon to

the brain for thgrganlfiarvesting, whereby the harvested organs are .
5 suitable for transplantation. | '

It is still another object of the invention to
prevent and reverse potential damage to a brain-dead
patient’s or cadaver’s organs prior to organ harvesting
such that the harvested organs remain viable for

10 harvesting, whereby they are suitable for
transplantation.

Summary of the Invention
The present invention focuses on initial

15 resuscitation efforts toward resuscitating the brain due
to its short viability, rather than the heart. The
invention includes a non-invasive method which reverses
and inhibits neurologic daﬁage, and resulting ischemic
and anoxic injury upon cardiac arrest. The method

20 includes establishing an artificial circulation by
catheterizing the circulatory system in both external
Earotid arteries, to deliver essential treatment
components in a synthetic brain resuscitation solution
to the brain. Once catheterized, the brain is driven

25 into a submetabolic coma as barbiturates are introduced
through the catheter. This coma lowers the brain’s
metabolism and decreases free radical production, while
keeping its tissues viable. The brain is oxygenated by
introducing temperature controlled perfluorocarbons,

30 which are super-saturated with oxygen. These
perfluorocarbons act as a blood substitute and transport
oxygen in a manner similar to hemoglobin. Free radical
damage is inhibited by introducing antioxidants, free
radical scavengers. The antioxidants complex with ionic

35 0, and prevent the ions from complexiné with proteins in
brain tissue, which is a cause of irreversible damage.
Protecting and reversing neurologic damage is
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pur pose of inducing hypotherm c shock (discussed bel ow). The
above-descri bed heat exchangers cool the solution, while oxygenating the
sol ution occurs through either of the enbodi mnents disclosed in FIGS. 1-3,
as either of 5 these enbodinents is nodified such that only this second
reservoir comuni cates with the oxygen source. The "cool" oxygenated
resuscitation solution is delivered to the brain shortly after the initial
"war nf' unoxygenatazdompliished bys inteoddeingcLazardids, an experSmiental
additional alter Qﬁ:td %fargéoqi'oqp%teinga&egagogég?#(ga;@t%&y ution in the
reservoirs. ReservoIT s contalni ng preoxygenat e | 'urd utiron elimnate
the need for oxyé@ﬁﬂﬂﬂﬂ@¥§i§aﬂh6§E@B€ViEgsxﬂbﬁﬁﬂgﬁﬁfiQﬂQﬁﬁgﬁﬁwww (enhanced

el ectronics and powverful PMIpwithe abpeblientioned ngogusitiding are _
resuscl tatl on ol e AR L3 1063S Hohin' Reblifc fE i ' Q1N sl ! ©
‘ brain resuscitation solution is delivered to the brain
in a chilled condition. The fluid is chilled by ccoling
it to a temperature sufficiently low to hypothermically
shock the brain. At this point, the brain’s metabolism
10 is slowed and free radical production decreases. The
brain is additionally cooled externally with natural or
synthetic ice packs around the patient’s head.
| Once the procedure is complete, continuing
efforts are then made to resuscitate the heart and
15 restore the circulation. This can be achieved by drug
administration, CPR (manual and mechanical), chest
compression, and the like.
_ Additionally, the present invention discloses a
method of resﬁscitating or preserving organs
20 (collectively known as organ preservation) in a brain-
dead patient or cadaver prior to their harvesting for
transplant, such that viable organ is transplanted. The
method includes establishing an artificial circulation
- within the organ by catheterizing a major blood or lymph
25 vessel supplying the organ or organ tissue parenchyma,
to deliver essential treatment components in a synthetic
solution to it. The solution is cooled below body
temperature and introduced through the catheter. The
solution includes components with serve to lower the
30 organ’‘s metabolism and decrease free radical production,
while keeping the organ viable. S8Specifically, the
solution includes température-éontrélled :
perfluorocarbons, which are super-saturated with oxygen.
These perfluorocarbons oxygenate the organ by acting as
35 a blood substitute, transpbrting oxygeh in a manner
similar to hemoglobin. Free radical damage is inhibited
by introducing antioxidants, free radical scavengers.

REPLACEMENT SHEET
| 16 JAN 1997




portabl e devices particularly suited for portable, field use, they are al so
suited for stationery, clinical use. 20 Should a clinical device be
desired, these two portabl e enbodi nents could be nade | arger and nodified
accordingly for such use. In operation, the Rrain resuscitation/organ
preservation device supplies treatnent solution.for the 25 acconpanyi ng

oo aapect of thorbe Y ot flndEs Wi 3P R (e 1oA1CPOPY bid® ptebepted.
. an
i schemi ¢ i nj uri octhie Fons FTom Lonplgring ipéi?t&if‘@sli,“gé’g‘?f 586G,

drowni ng, el ectr oxhiclonis | ®smssefoBmtevarsihlen dagagekes Fulpttiekytissue
injuries, toxic ( ) | : | t ' ' associ at ed
maj or trauna. -Ref&e%%é; ﬁ S now%%??o%%eo&ﬂi%ﬂaegg(ygs%%gﬁdgggggi be and

show t he non- i hvakizaroddfioARiexprrimental drug class now being
developed by the Upjohn Pharmaceutical Company of

Kalamazoo, Michigan.
All of the above-mentioned compositions are
included in a solution similar to that described above.
10 for brain resuscitation. The only significant
difference is that barbiturates, which induce a coma in
the brian, while permissible, are preferably not used in
organ preservation as this result is not needed in this
instance. Similar to the above-mentioned brain
15 resuécitation solution, the organ preservation and
resuscitation solution'(hereinafter organ preservation
solution), is chilled by cooling it to a sufficiently
low temperature to inhibit degenerative metabolism of
the organ. With the organ’s metabolism is slowed, free
20 radical production decreases.

. Once this brocedure is complete the organ will
remain viable, such that harvesting and subsequent
transplantation may take place at a later time. The
harvest organ will have sustained minimal, if any

25 damage, and the transplant recipient will be able to
resume a normal life. o
The present invention. includes a device for
delivering the aforementioned brain resuscitation or
organ preservation solutions. The device can be adapted
30 for clinical or field use. This device includes a
reservoir for holding brain resuscitation or organ
preservation solution which communicates with an oxygen
tank and a heat exchanger. Upon activation, the oxygen
' is released into the reservoir, oxygenating the brain
35 resuscitation or organ preservation solution. The
oxygenated solution is then pumped from the reservoir to
the heat exchanger, where it is cooled. When brain
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35 invention for brain resuscitation. Preferably, this method involves the
“initial step of shunting all effective cardi ac output away fromthe | ower
extrenmties 17 and the abdonmen 112 and toward the patient's heart and
head at step 112. This shunting is preferably acconplished with mast
trousers or pneumatic conpression suits, whgch conpress the | ower abdonen
and lower 5 extremties forcing blood to the heart. However, other

equi val ent devi mumm:mmlimymiaedi,nghehéeoledresolxkﬁqmtjierﬁhen | ungs
are ventilated w 4P Uhe LU N3 BR0GG S0 Uyddde? SRARRE O

chest percu55|on an ventilatio ci al
circul ati on tr"(ﬁkﬁ]qqﬁpqﬁegng@;carotid arteries or other blood vessels

and directed toward the brain. Alternately, in organ

5 preservation, the cooled solution is introduced into
blood or lymph vessels supplying the organ, the organ
itselfi or the tissue surrounding the organ. For
example, with the pancreas, the intestine, a surrounding

tissue, would provide an organ preservation solution to
10 the pancreas by capillary circulation.

Brief Description of the Drawings
For a more complete understanding of the

invention reference should be made to the drawings
15 wherein:

FIG. 1 is a front view of the portable brain
resuscitation/organ preservation device of the invention
illustrating the internal components; |

FIG. 2 is a side view of the portable brain

20 resuscitation/organ preservation device of FIG. 1;

FIG. 3 is a front view of a second embodiment
of the portable device shown in FIG. 2;

FIG. 4 is a flow chart of the method of the
present invention; and

25 FIG. 5 is a front view of .the patient being
catheterized.

Detailed nescrigtion of the Drawings
Referring to FIGS. 1 and 2, the brain

30 resuscitation/organ preservation device of this
embodiment of the invention is semi-automatic. It
includes an outer casing 22 with a handle 23 and a
window 24. The window 24 is located within a first side
25 which has a greater width than length. The casing 22

35 includes an inner chamber 26. This inner chamber 26
contafns components which include a reservoir 30, an
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established at step 116 as the patient 118 is catheterized at an injection
point along the circulatory system 120. The brain resuscitation solution
enters the circulatory systemthrough at | east one blood vessel 15 (artery
or vein). Preferably, at |east one external or internal carotid arteries
are catheterized. These carotid arteries are Heferred since they are |arge

arteries leading directly to the brain and ¢can be sily found_by feeling
for the carotid puP¥¥gen tank 344 ﬁ%ﬁrﬁ"%ﬁ%%%@@d%?@@l gEar?e 994
vein) may be the idprttodmpbt 50 cadnkteepowet sSuxicep&dnt s i ncl ude the
femoral arteries, or jugul ' h | e one
jug g%%/e%%%ﬁﬁé R Hoilfs tHe" B8l FetublfatiSn

way bal |l oon valves at a di e preferre Inserted Irnto
the arteries, the BEIPEIMR PresexvatiomisqlufFion, r Ther selptden afdthisin

resuscitation fbui §néehtioRnis | HVEL R tthiire &P raribasgbompenantsr ¥nd
is packaged in premixed, premeasured canisters, for a
single immediate use. These canisters can be
replenished (refilled)'gnd exchanged for continued life
support. The specific components are discussed below in
10 accordance with the methods of the invention.
Preferably, this reservoir 30 is adapted to hold three
liters of fluid contained within replaéeable canisters
32. The preferred canisters are clear plastic bags,
such that fluid depletion in the reservoir 30 can be
15 viewed through the window 24. However, these canisters
can be rigid containers, made of opaque material.
An oxygen tank 34, adjustable to various
pressures, communicates with reservoir 30 through a
first conduit 35. Oxygen tank 34 is sealed by a valve
20 36, which_is opened once the device 20 is activated.
Tank 34 is preferably a cylinder ten inches tall by four
inches in diameter, containing oxygen pressurized to at
least 17 psig.
A heat exchanger 38 capable of controlling the
25 fluid‘s temperature, surrounds reservoir 30. Preferably
the heat exchanger cools by undergoing an internal
éndothermic’reaction, once a charging valve 40 is opened
when a charging handle 41 on the device is activated.
The -exchanger éontains~Ammonium Nitrate and water, which
30 are initially separate. Upon activation, these
chemicals contact each other, reacting endothermically,
causing the heat exchanger to cool. Additionally, the
heat exchanger'’s cooling can be accomplished by carbon
dioxide (dry ice), freon or a mechanical cooling device.
35 A second conduit 44 extends from the reservoir
and communicates with a valve controlled pump 46,
capable of pumping at various rates and modes, in
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Prior to catheterization, the catheter lines 122 are attached to the brain
resuscitation device. 30 This device is now activated and tenperature
controlled (chilled) oxygenated brain resuscitation solution is delivered
to the brain at step 124. This brain resuscitation solution is a mxture of
various conponents suitable for treating thgge ischem c and 35 anoxic

I njuries and keeping the brain and associ ated neurol ogic tissues intact.

Do g0 | 15 RN Al driogly beneie llu s e g 4
Lazaroi ds, carri @Fﬂ/ N c}lﬁPﬁ%gﬁ?'sggnéx%Fﬁae?g%%‘ %&él@a Bk
energy source 54: However, the device is suitable for
an electric adapter. A battery pack is the preferred
S energy source 54. The logic control unit 50 includes
(not shown) an oxygen pressure sensor, a fluid mass flow
sensor, a fluid pressure indicator and regulator, a
fluid temperature indicator and regulator, a fluid
'temperature indicator with feedback to a mass sensor,
10 and a timing device for estimating the time the fluid in
the reservoir will be depleted at a given mass flow.
The logic control unit 50 can control the rate and mode
of pumping, i.e. continuous or pulsatile. One example
of a pulsatile rate and mode would be that which
15 simulates the pﬁlsed flow of a beating heart.
Measurements from logic control unit 50 are displayed on
an LED digital display 56. Digital display 56
preferably shows the temperature and flow rate of the
brain resuscitation solution. |
20 The second conduit 44 extends through the pump
46 and logic control unit 50 and terminates in a side
opening 58 on the device 20. Preferably, this side
opening 58 is on the side 66 adjacent to the
longitudinal side 25. Side opening 58 is capable of
25 attaching to catheter lines 60 to permit brain
resuscitation solution to enter the patient’s
circulatory system, through catheters 62 placed into a
single, but preferably both, external or internal
carotid arteries. Similarly, side opening 58 is capable
30 of attaching to catheter lines 60 to permit organ
preservation solution to enter the patient’s circulatory
system, through cathéteré 62 placed into a single vessel
near the organ sought to be preserved, the organ itself
or tissues surrounding the organ.
35 With respect to catheters 62, one way balloon
tippe& catheters are preferred. The balloons generally
inflate upon activation to block potential reverse blood
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Initially the solution is tenperature 5 controlled, and delivered to the
brain after having been chilled to approximately forty degrees F. At this
tenperature, the brain is hypotherm cally shocked and its metabolism and
subsequent free radical production is slowed, This tenperature controlling
(cooling) step 10 124 may alone allow an additional thirty mnutes of brain

viability. Additagaabra®fl rB8ukeitabisNcor NirgdP! prdkb et din! £330 v
nmeans to the patient'’ gﬁad ng goollng geans i ncl udes bannet s .cont ai.ni ng
'ce cubes, synt nEPPEXBoBRPnReRLE, LEECERE 170798 PHORRRY AL MeES i
extend to cover heerteis bedngpreatuscitated) Barkdditionesl ypnpiti siss fr om
about 0.000 10 208-d9epeeachaby ek gl abehlcs ! 6 IS ddritd gn SO! Uti On.

Preferably, the bBrain resuscitation sofution includes .001 to 10.00 percent
by vol une” of Bar PPERLREEs LoFh¥eRtINILEXELE S QXEISR 68 AR L oY 9eR 0 a
subnet abol i ¢ comintkke 69. This oxygen intake can be from the

atmosphere or from adjunct oxygen sources.
Upon activating the brain resuscitation or

organ preservation device, the oxygen tank valve 36

10 opens and pressurized oxygen is released from the oxygen
.tank 34 into contact with the brain resuscitation or
organ preservation fluid, thereby oxygenating it. The
heat exchahger 38 is activated by releasing the charging
valve 40. Once activated, the oxygenated solution in

15 the reservoir is cooled. This cooled solution moves
through a second conduit 44, drawn by sufficient
pressure from the 6xygéﬁhtdnk534 into a logic control
unit 50, powered b&'an energy source 54, such as a
battery pack. A pump 46, within this logic control unit

20 50 further moves the chilled oxygenated solution through
this second conduit. Solution then enters a catheter .
line 60, attached to an opening 8 in device whereby it
is delivered to the brain or organ through the catheters
62. | |

25 - The preferred embodiment of the brain
resuscitation/organ preservation device 20 is relatively
small. It is portable, suitcase-like in appearance, and
suitable for field use, such as in ambulances,
battlefields, athietic fields, aircraft, marine

30 vehicles, spacecraft, emergency treatment facilities,
and the like. It is lightﬁeight and can be carried
directly to the patient. In one example of the device
the outer casing measures twenty_inches*by eighteen
inches by fifteen inches and weighs approximately thirty

35 pounds. e

' FIG. 3 is a second embodiment of the brain

resuscitation/organ preservation device 70. This
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sfep 126. Brain netabolismand subsequent free radical production are
further | owered. Thiopental is the preferred barbiturate. It has a fast

i nduction tine
seven seconds.

as it can cross the blood- 25 brain barrier in three to
Al ternately, Secobarbital or Pentobarbital nay be used.

Oxygen carrying agents conprise from aboutl3.00 to 99.90 percent by vol une
of this brain resuscitation solution. The preferred brain resuscitation

solution 30 in

1tHds gevhagdcad-ceht A§ panuablyiagkivated Anding

ﬁgentS- Pe{fl Uofﬂcfgim%ﬁz&ﬁi% Rindeer pnduﬁ;tﬂenpseéfydtfugeme%ﬂa:y af, t hey
ave an extrene | oxygen carr n a | ; en e
BRSSP Ry oRgn * PREAEEDT0; e aady 4 SURF rasida

brain, in this
super sat ur at ed

73 ity dandle, i73g ande prefpyahiyca vindor 74 uiloeaged voir.

These perfl upr ogRrD FESACIs e FPMAVInGUBSErbELEr LAY NEh&X YEEdER O the

brain siml ar

10

15

The outer casing 72 includes an inner chamber 76. This
inner chamber 76 contains components which include &
reservoir 86, an oxygen tank 82, a heat exchanger 90,
and a logic control unit 96. '

The reservoir 80 holds the brain resuscitation
or organ preservation solution of the invention. The
brain resuscitation or organ preservation solution is a
mixture of various components and is packaged in
premixed, premeasured canisters, for a single immediate
use. These canisters can be replenished (refilled) and

. exchanged for continued life.support. The specific

20

25

30

35

components of the brain resuscitation or organ
preservation solution are discussed below in accordance
with their respective methods. Preferably, reservoir 80
is adapted to hold four to ten liters of solution
contained within replaceable canisters 84. The
preferred canisters are clear plastic bags through which
the fluid depletion in the reservoir 80 can be viewed
through the window 74. .

Reservoir 80 communicates with an oxygen tank -
82'through channels 85, which open when charging handle
86 is pulled. Oxygen tank 82 is adjustable to various
pressures and is sealed by a valve 88 on the charging
handle 86. The oxygen is pressurized to at least 17
psig. - _

Reservoir 80 also communicates with a heat
exchanger 90, capable of controlling the solution’s
temperature, through a conduit 92. Similar to that of
the first embodiment, the preferréd heat exchanger cools
by undergoing an internal endothermic reaction, as
explaihed with the first embodiment above. Heat

exchanger 90 communicates with the charging handle
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19 to henogl-obin in the blood. These perfl uorocarbons are tenperature
controlled and enter the patient's circulation at tenperatures between 0
and 105 degrees F. Antioxidants conprise from about 0.00 to 50.00 5 percent
by volume of this brain resuscitation solutijgn. Preferably, the brain
resuscitation solutlon i ncludes 0.001 to 30:50 percent by vol unme of

ant i oxi dants. Wi | OIS 94 Hileh Rhehcactlvatee bRropelling,
scavengers. Once uced | the brain at step 130, these 10
Ant i oxi dant s conp%ﬁ%Fégg WQSsue proteins as binding sites for the
free radicals, mainly i onlcmichxiq 93 extendsathyopght the heathexchanger
radi cal's conpl ex g tihdtd RdgRN EontrollRBlidNbeal BEGESt cOhtisEeunfeli gal
5 includes (not shown) an oxygen pressure sensor, a fluid
mass flow sensor, a fluid pressure indicator and valve
98 for regulating fluid preseure and flow, a fluid
tempefature indicator and regulator, a fluid temperature
indicator with feedback to a mass sensor, and a timing
10 device for estimating the time fluid in the reservoir 80
will be depleted at the current mass flow. Measurements
from this logic control are displayed on an LED digital
display 99. Digital display 99 shows the brain
resuscitation or organ preservation fluid temperature
15 and flow rate.
' . Conduit 92 extends from the logic control unit:
96, to a terminal point 100 outside the device 70. A
high pressure fluid coupling valve 102 is at this
terminal point 100. The valve 102 is opened when the
20 device 70 is activated. This terminal point 100 is
suitable for attachment of catheter line 104 and
subsequent catheters 106.
As with device 20, one way balloon tipped
catheters are preferred in alternate device 70. Upon
25 activation the balloon portion of the catheter inflates,
blocking possible reverse blood and brain resuscitation
or organ preservation solution flow toward the heart.
Additionally, it is preferred that device 70 contain
openings for venting'exqess oxygen and for oxygen '
30 intake. This oxygen intake can be from the atmosphere
or adjunct oxygen sources.

' Device 70 is activated when the user pulls the
charging handle 86. This action opens a valve 88 on the
oxygen tank 82, releasing pressurized oxygen, which

35 moves through channels 85 into the reservoir 80 and into
contact with the brain resuscitation or organ
preservation solution thereby oxygenating the fluid
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damage is prevented since these sane free radicals do 15 not bind and form
conpl exes with proteins in the brain and associ ated neurol ogic tissues. The
preferred antioxidants include Vitanin A Vitanmin B, Vitamin C, Vitanmin E
Sel eni um Cystine, Cysteine, BHI, BHA, Hydergine and the like. 20
Lazaroi ds, as experinental drug class being devel oped by the Upjohn Co. of
Kal amazoo, M chi gan, conprise about 0.00 t 530. 00 percent by vol une of the

brain resuscitati spl utiqQn. Preferabl Lazat oi ds. co ise .001.t0o 20.00
percent by vol uffOHIEIeR: prilie, Bresante SrpBafRiR To1eRTeR SXYIRR SR oi s
are the pref err cchageygenated anladiiiong iatd cenduit n92 cwhidh pasdses i nj ury
for up to forty-,}ﬂ%@l%ry;ﬁ&@femggr ggﬁsgﬂ&geﬁ?h@é&pﬂgsg%ﬂ es. These

Lazaroi ds as wel trients, are I'ntrqduced to Brain t step 132 in

30 the brain restREIAN on WY hen copded, grygenated | £huid solutio

5 leaves the heat exchanger 90, it continues in conduit 92
through the logic control unit 96.

Once past the logic controi unit 96, the
solution moves through this conduit 92 until it
terminates in a high pressure solution coupling valve

10 102 outside the device 70. When the high pressure valve
102 is open, the catheters 106 are coupled to this
terminal conduit end 100, brain resuscitation or organ
preservation solution can enter the patient’s
circulatory system. The oxygen pressure preferred is at

15 least 17 psig, sufficient to drive this brain
resuscitation or organ preservation solution from the
reservoir 80 into the brain or organ respectively.

Other alternative embodiments may have two
reservoirs. This would be especially useful in brain

20" resuscitation. The first reservoir would be kept at
body temperature or slightly cooler whereby this “warm"”
brain ;esuscitatidn solution is available to flood the
brain and quickly diffuses in it, whereby the blood-
brain barrier is crossed. The second reservoir is

25 available to deliver "cool” (app;oximateiy forty degrees
fahrenhéit) resuscitation solution, chilled by the heat
exchanger, for the purpose of induciné hypothermic shock
(discussed below).

_ Another alternative embodiment of the two-

30 reservoir device, quite advantageous for brain
resuscitation, includes a first reservoir containing
unoxygenated fluid, kept at body temperature or slightly
below. A bolous of this “warm” unoxygenated solution is
initially delivered to the brain, so as to prevent an

35 - oxidative burst of free radicals. The second reservoir
is available to deliver cool (approximately 40°F)
oxygenated resuscitation solution to the brain for the
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free radical scavengers which fall under two major root noieties:
‘pregnanes, ranging in nol ecul ar. wei ght fromroughly 580-720 and
benzopyrans, ranging in nol ecul ar wei ght from 425-905. 35 The
brain resuscitation solution may include up to 50 percent by vol une of
conponents which act as carrier vehicles agd diluents for the antioxidants,
20 barbiturates, perfluorocarbons and Lazaroids. D nethyl sul foxide (DVSO
is the pref errgmn;mrsei ef dnducingdhypbehepmie ahecks(discusesed belpwyai n

cel | menbranes.q 1 ¥elsbri bl %Q't”eﬁﬁﬁﬁﬁlgéiét &601 51:1'%8' 119!916??

contain phy5|ol c uffers to main trients are rov ded I n
this solutlon w le oxygenating- the solu ion occurs through eit er of

the embodiments disclosed in FIGS. 1-3, as either of

5 these embodiments is modified such that only this second
reservoir communicates with the oxygen source. The
“cool” oxygenated resuscitation solution is delivered to
the brain shortly after the initial “warm” unoxygenated
solution has been delivered.

10 Still additional alternative embodiments may
use preoxygenated solution in the reservoirs. '
Reservoirs containing preoxygenated fluid solution
eliminate the need for oxygen tanks as these devices
have sufficient power (enhanced electronics and powerful

15 pumps), capable of moving the brain resuscitation
solution from the reservoir in the device to the brain.

While these two preferred embodiments are ,
portable devices barticularly suitéd for portable, field
use, they are also suited for stationery, clinical use.

20 Should a clinical device be desired, these two portable
embodiments could be made larger and modified
accordingly'for_such use.

.In operation, the brain resuscitation/organ
preservation device sﬁpplies treatment solution for the

25 accompanying resuscitation or preservation methods
respectively. 2As previously stated, one aspect of the
invention comprises a method of treating anoxic and -
ischemic injuries suffered as a result of cardiac

- arrest, suffocation, drowning, electrocution, losses of

30 circulation, strokes, bodily injuries, toxic (carbon
monoxidé, cyanide, etc.) poisoning, and associated major
trauma. A

Reference is now made to FIGS. 4 and 5 which
describe and show the non-invasive method of the

35 invention for brain resuscitation. Preferably, this -
method involves the initial step of shunting all
effective cardiac output away from the lower extremities

R
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up to 30 percent by volume. ducose is one nutrient which is preferred.
Finally, the solution may contain up to 10 10 percent by vol une of heparin
or other suitable anti- blood coagul ating agents to stop blood clotting
whi ch may occur due to lack of blood flow during the resuscitation attenpt
as a side effect of arterial systen1blockag§ and fluid backflow fromthe
bal | oon 15 tipped catheter. Once this netho Thas been perforned and the

brain resuscitati i e p € WU St QORtI_Oui
cfforts to restafhd pod, AxpheR T2 kAR et il Mebithe (5 Heslt Bl |
be nade. 20 . head af stepaldRy, Ehigtslnptingis myeferably ener gency

situations. In tRecomplidhbdoREthPheSY YErsaxs (drtiphaiiatic dompression
injected into the RRL! COhsBnCLbEireie ¥ndVPiwdl alllichen® a9 T oty €MOVI NI
5 extremities forcing blood to the heart. However, other
equivalent devices may be employed. During this time,
the patient’s lungs are ventilated with 100% oxygen
along with basic cardiac life support or chest
percussion and ventilation at step 114.

10 An artificial circulation through the brain is
established at step 116 as the patient 118 is
catheterized at an injection point along the circulatory
system 120. The brain resuscitation solution enters the
circulatory system through at least one blood vessel

15 (artery or vein). Preferably, at least one external or
internal carotid arteries are catheterized. These
carotid arteries are preferred since they are large
arteries leading directly to the brain and can be easily
found by feeling for the carotid pulse. Alternately,

20 any other blood vessel (artery or vein) may be the
injection point catheterized. Such points include the
femoral arteries, or jugular veins. _ .

Balloon type catheters 121 with the one way
balloon valves at a distal point are preferred. Once

25 inserted into the arteries, the balloons inflate,
limiting any reverse blood and brain resuscitation fluid
solution flow toward the heart through the artery.

Prior to catheterization, the catheter lines
122 are attached to the brain resuscitation device.

30 This device is now activated and temperature controlled
(chilled) oxygenated brain resuscitation solution is
delivered to the brain at step 124. This brain
resuscitation solution is a mixture of various
components suitabie for treating these ischemic and

35 anoxic injuries and keeping the brain and associated
neuroiogic tissues intact. Specifically, the brain
resuscitation solution is a fluid mixture containing
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the reservoir canister fromthe brain resuscitation 25 device and attaching
it to a catheter line and then catheterizing the patient's circulatory
system or placing fluid fromthe reservoir canister into a syringe and
injecting the patient. The invention addi&honally di scl oses a nethod 30 for
preserving organs such as the heart, lungs, kidneys, pancreas and |iver

ranspl antat | op L PRCUEECRE, VhySph Ryl AT e T U ati on
through the. or PARSFBLEE: HGAFELFEQVeRLCTaR, dICHipah and: Qtiao er | zod at an
I nj ecti on poi nchemIbatsinjection point typically includes a major blood or
lynph-vessel, the organphi§ghiiy %fnd! soHiSion' {4 Wiiligitature
5 controlled, and delivered to the brain after having been
chilled to approximately forty degrees F. At this
temperature, the brain is hypothermically shocked and
its metabolism, and subsequent free radical production
is slowed. This temperature controlling (cooling) step
10 124 may alone allow an additional thirty minutes of
brain viability. Additional cooling is achieved by
applying external cooling means to the patient’s head.
- The cooling means includes bonnets containing ice cubes,
synthetic cooling packets and the like. These bonnets
15 may extend to cover the next and spinal column.
Barbiturates comprise from about 0.000 to 20.00
percent by volume of the brain resuscitation solution.
Preferably, the brain resuscitation solution includes
.001 to 10.00 percent by volume of barbiturates. These
20 barbiturates drive the brian into a submetabolic coma at
step 126. Brain metabolism and subsequent free radical
production are further lowered. :
Thiopental is the preferred barbiturate. It
~has a fast induction time as it can cross the blood-
_ 25 brain barrier in three to seven seconds. Alternately,
o Secobarbital or Pentobarbital may be used. '
'Oxygen carrying agents comprise from about .0.00
to 99.90 percent by volume of this brain resuscitation
solution. The preferred brain resuscitation solution
30 incihdes 10.00 to 99.90’percent by volume of oxygen
carrying agents. Perfluorocarbons are the preferred
- oxygen carrying agents, as they have an extremely high
oxygen carrying capacity. When delivered to the brain,
in this oxidation step 128, these perfluorocarbons are
35 supersaturated with oxygen, having been oxygenated in -
the fluid reservoir. These perfluorocarbons act as a
blood substitute, carrying oxygen to the brain similar
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21 the organ. If a lynph vessel is catheterized, it should be in close
proximty to the organ to be harvested. Preferably, arteries proximte to
the organ are catheterized, as they can be found easily and provide a 5
direct route to the organ. Balloon-type catheters (simlar or identical to
those di scl osed above) with one-way balloonyyal ves at distal point are
preferred. Once inserted into the vessels o% the circulatory system the

bal | oons i nfl at etolRembglbbindiRthé WRIKRE. Dl pe¥raadrocd2Bons are
resuscitation fluid solution f

| ow from the qrgan tg b%,harvested. The
organ preservati SAPESFAERER ﬁ%?tfﬁfxéai SPHEF A% PRYAEMEOR point through
cat heters from t bércelationrat ntetpexagares betvwesn iloandellScdegtaes E5S
the devices are activatedhnt SHREIRS Siiisd al Gokked). 00X ¥aesat 69

organ preservation solution is
g P 5 percent by volume of this brain resuscitation solution. -

Preferably, the brain resuscitation solution includes
0.001 to 306.00 percent by volume of antioxidants. These
antioxidants are the preferred free radical scavengers.
Once introduced into the brain at step 130, these

10 Antioxidants compete with brain tissue proteins as
binding sites for the free radicals, mainly ionic 0,.
Since a large portion of the free radicals complex with
antioxidants, a substantial amount of free radical
damage is prevented since these same free radicals do

15 not bind and form complexes with proteins in the brain
and associated neurologic tissues. The preferred
antioxidants include Vitamin A, Vitamin B, Vitamin C,
Vitamin E, Selenium, Cystine, Cysteine, BHT, BHA,

~ Hydergine and the like. .

20 Lazaroids, as experimental drug class being
developed by the Upjohn Co. of Kalamazoo, Michigan,
comprise about 0.00 to 30.00 percent by volume of the
brain resuscitation solution. Preferably, Lazardids_
comprise .001 to 20.00 percent by volume of the brain

25 'resuscitation solution. These Lazaroids are the
preferred agents for protecting and reversing anoxic
brain injury for up to forty-five minutes of anoxia, as
shown in animal studies. These Lazaroids as well as
nutrients, are introduced to the brain at step 132 in

30 the brain resuscitation solution. Lazaroids are also
free radical scavengers which fall under two major root
moieties: pfegnanes, ranging in molecular weight from'
roughly 580-720 and benzopyrans, ranging in molecular
weight from 425-905. - _ B

35 ’ The brain resuscitation solution may include up
to 50 jpercent by volume of components which act as
carrier vehicles and diluents for the antioxidants,
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delivered to the organ. This organ preservation solution is a m xture of
‘vari ous conponents suitable for keeping the organ viable. Specifically, the
organ 20 preservation solution is a fluid m xture containing
oxygen-carryi ng agents, antioxidants, Lazaroids, carrier vehicles,
nutrients and other chemcals. I't is sigigar to that disclosed above for
brain resuscitation except that barbiturates, which may be included, are
not 25 requbardbizaratess bermauoaogathbneeaﬂdtnaiawb&ﬁsa.cona in a

br ai n- dead a tydr e-
controlled g?dh (%Pg%g?‘ \c£)' bﬁbb nkg?‘/ gg##i'%%eé\é%%@qdé £

appr oxi nat el Ppids QAPhPWFSaﬂéﬁﬁér PuFEaVFﬁéiBQ bﬁ%ﬁ%n@? ive netabolism(ﬁ

the organ |smhmﬁeas t hadithongadyl, theebtafhcieswseitation (02)
cocteasen | el ta i oAy EBaER%Y, Bhvbphaf6es bafhesh o Wuibelle ph! o 1P

Nutrients are also provided in this solution,
up to 30 percent by volume. Glucose is one nutrient
which is preferred. '

Finally, the solution may contain up'to 10

10 percent by volume of heparin or other suitable anti-
blood coagulating agents to stop blood clotting which
may occur due to lack of blood flow during the
resuscitation attempt as a side effect of arterial
system blockage and fluid backflow from the balloon

15 tipped catheter.

Once this method has been performed and the
brain resuscitation fluid has been properly
administered, continuing efforts to restaft_the'heart
and restore the circulation at step 134 should be made.

20 i Alternétely, a method exists for use in
emergency situations. 1In these situations,
preoxygenated fluid may be directly injected into the .
patient’s circulatory sjstem. This is done by removing
the reservoir canister from the brain resuscitation

.25 device and attaching it to a catheter line and then .
catheterizing the patient’s circulatory system, or
placing fluid from the reservoir canister into a syringe
and injecting the'patient; '

The invention additionally discloses a method

30 for preserving organs such as the heart, lungs, kidneys,
pancreas and liver whereby they. remain viable and

- suitable for harvesting and subsequent transplantation.
The method involves establishing an artificial
circulation through the organ to be harvested, as the

'35  patient is catheterized at an injection point. This
injection point typically includes a major blood or
lymph vessel, the organ itself, or tissues surrounding
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Addi tional cooling is achieved by applying external 35 cooling neans ‘to
portions of the patient or cadaver proximate to the organ to be harvested.
The cooling 22 neans include waps containing ice cubes, synthetic

cool ing packets and the |ike. Oxygen carrying agents conprise about 0.000
to 99.900 percent by volume of thi's organ preservation 5 solution. The
preferred organ preservation solution i ncl idles 10. 000 to 99. 000 percent by

Carrying agents. HR SR havE g WREHCTERPh 4f CROEHEELREr (it TRHA o
delivered to théberigaglaogse mihgmlmmnorQap, tbhheehpevéktedocar bons
are Preferably, arteries proximate to the organ are
catheterized, as they can be found easily and provide a
5 direct route to the organ.

Balloon—type catheters (similar or identxcal to
those disclosed above) with one-way balloon valves at
distal point are preferred. Once inserted into the
vessels of the circulatory system, the balloons inflate,

10 limiting any reverse blood flow and organ resuscitation
, fluid solution flow away from the organ to be harvested.

The'érgan preservation solution may be
delivered to the injection point through catheters from
the reservoir in the organ preservation devices. Once

15 the devices are activated, temperature controlled
(chilled) oxygenated organ preservation solution is
delivered to the organ. This organ preservation
solution is a mixture of various components suitable for
keeping the organ viable. Specifically, the organ

20 preservation solution is a fluid mixture containing
oxygen-carrying agents, antioxidants, Lazaroids, carrier
vehicles, nutrients and other chemicals. It is similar
to that disclosed above for brain resuscitation except
that barbiturates, which may be included, are not

o 25 required as there is not a great need to induce a coma
it in a brain-dead patient or cadaver.

Initially the solution is temperature-
controlled and delivered to the organ after having been
chilled to approximately 40°F. At this temperature, the

30 degenerative metabolism of the organ is slowed as the

- subsequent free radical production (0,) decreases. This
temperature-~controlling (cooling) step may alone allow
up to an additional four hours of organ viability.
Additional coollng is achieved by applying external

35 coollng means to portions of the patient or cadaver
proxiﬁate to the organ to be harvested. The cooling
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supersaturated wi th oxygen, having been oxygenated in the fluid reservoir
These perfluorocarbons act as a blood substitute, carrying oxygen to the
organ simlar to henoglobin in the blood. These perfluorocarbons are 15
tenperature controlled and enter the patient's circulation at tenperatures
between 0 and 105 degrees F. Antioxidants @@mprise fromabout 0.000 to

50. 000 percent by volune of this organ preservation solution. Preferably,
the organ presem@ansodncdude yxaps FARtadeingobge (grbes oRYHRER by

vol unme of antioxodding padketsaahdoxhdalikeare the preferred free radical

e e oy e Sn R BakRS 4850 80ert A% SaBPAL AR B P Tee W L1
[err] 25 Since #9.808c peacensnbyf vohumer ef £his cargar @rassrvatien
ant i oxi dant s,s a spiRslidl.| alrnapraelellr 82gandpsase tdBit isolutient ed
since these samg f1eQee?d05d0d €2 99.000 percent by volume of oxygen
carrying agents. Perfluorocarbons are the preferred
oxygen carrying agents, as they have an extremely high
oxygen capacity. When delivered to the organ, in this
10 oxidation step, these perfluorocarbons are
supersatﬁrated with oxygen, having been oxygenated in
the fluid reservoir. These perfluorocarbons act as a
blood substitute, carrying oxygeh to the organ similar
to hemoglobin in the blood. These perfluorocarbons are
15 temperature controlled and enter the patient’s
' circulation at temperatures between 0 and 105 degrees F.
Antioxidants comprise from about 0.000 to
50.000 percent by volume of this organ preservation
solution. Preferably, the organ preservation solution
20 includes .001 to 30.000 percent by volume of
antioxidants. These antioxidants are the preferred free
radical scavengers. Once introduced into the organ,
these Antioxidants compete with organ tissue proteins as
binding sites for the free radicals, mainly ionic 0,.
25 Since a large portion of the free radicals complex with
" antioxidants, a substantial amount of free radical
damage is prevented since these same free radicals do
not .bind and form complexes with proteins in the tissues
fdrmiﬁg the organ. The-preferred antioxidants include
30 vitamin A, Vitamin B, Vitamin C, Vitamin E, Selenium,
Cystine, 0yste1ne; BHT, BHA, Hydergine and the like.

, Lazaroids, an experimental drug class being
developed by the Upjohn Co. of Kalamazoo, Michigan,
comprise about 0.000 to 30.000 percent by volume of the

35 organ preservation solution. Preferably, Lazaroids
comprise 0.001 to 20.000 percent by volume of the organ
preservation solution. These Lazaroids are the

16 JAN B9/




not bind and form conplexes with proteins in the tissues formng the organ.
The preferred antioxidants include 30 Vitamn A Vitamin B, Vitamn C
Vitamn E, Selenium Cystine, Cysteine, BHI, BHA, Hydergine and the |iKke.
Lazaroi ds, an experinental drug class being devel oped by the Upjohn Co. of
Kal amazoo, M chi gan, conprise about 0.000 t 0. 000 percent by vol une of
the 35 organ preservation solution. Prefe |y, Lazaroids conprise 0.001

to 20.000 percent Hfazagé “aintd 1ol $ABAERIAE" BhiCRed 8L G andkiESC

Lazaroids are th red “age ectin ever si ng
anoxi c injury foriRiEyw t%PfﬁQM§QﬁﬁMmﬁ£¥eoN1&H5§Fa°fa§n§ﬁbﬂn 2% %PPYRH
studi es. These Laﬁﬂdhﬂfah%ﬁiﬁhlesﬁﬁ These Lazaroids as well as

nutrients, are introduced to the organ as part of

. 5 preserving the organ. Lazaroids are also free radical
'scavengers which fall under two major root moieties:
fregnanes, ranging in molecular weight from rouchly 580-
720 and benzopyrans, ranging in molecular weight from
425-905. _

10 The organ preservation solution may include up
to 50.000 percent by volume of components which act as
carrier vehicles and diluents for the antioxidants,
perfluorocarbons and Lazaroids. Dimethylsulfoxide
(DMSO) is the preferred carrier.as it aids the above

15 agents in traversing tissue cell membranes. '
Additionally, the organ preservation solution may
contain physiologic buffers to maintain PH,

Nutrients are also provided in this solution, .
up to 30.000 percent by volume. Glucose is one nutrient

20 which is preferred. :

The solution may also include up to 20.000
percent by volume heavy metal scavengers or chelating
agents. These heavy metal scavengers or chelating
agents would also serve to inhibit free radical damage.

- 25 Desferoxamine is one preferred heavy metal chelator.

Cytoprotective agénts such as Calcium Channel
Blockers (CA"™) may also be present in this organ
resuscitation solution in amoqnts up to 10.000 percent
by volume. These cytoprotective agents, inhibit cell

30 damage by stabilizing the cell membrane.

Additional metabolic mediators such as MK-801
.and glutamate, aspartate or N-methyl-d-aspartate (NMDA)
antagonists may also be in the solution up to 10.000
percent by volume. .

35 Finally, the solution may contain up to 10.000
percent by volume of heparin or other suitable anti-
blood coagulating agents to stop blood clotting which

REPLACEMENT SHEET
.1 6 JAN 1997




nutrients, are introduced to the organ as part of 5 preserving the organ.
Lazaroids are also free radical scavengers which fall under two maj or root
noi eti es: pregnanes, ranging in nolecular weight fromroughly 580- 720 and
benzopyrans, ranging in nol ecul ar wei ght from 425-905. 10 The
organ preservation sol ution may include upzfo 50. 000 percent by vol une of

conponent s whi ¢ C | e e xi dant s,
per fl uorocar bongag écflg iédgé #érrué +1€ qjo%l ?b%éb% tg‘gt ﬁggglrngferred
carrier as it apusdliﬁetabbb% factgehe spdﬂ-anfa\ﬂ@r S'-le#gl-t i ssue cel |l menbranes.

Addi tional ly, the organ @ﬁ@éefﬂﬁé'ﬁétﬁﬁ&lﬁdé“hééﬁlpaiﬁb&hadphha'Qhﬁgic
buffers to maintain Nutrienpts” %%f'€%§OJF40 i ded in this solution, up to’
AT 135

30. 000 per cent 8§9%|B%%se’é’%‘éb%’é 5 0 PrOREF}Yi s preferred.

5 administered, organ harvesting may begin.

From the foregoing description, it is clear
that those skilled in the art could make changes in the
described embodiments and methods of the invention
without departing from the broad inventive concepts

10 thereof. It is understood, therefore, that this
invention is not limited to the particular embodiment
disclosed, but it is intended to cover any modifications
which are within the spirit and scope of the claims.

o et e
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The solution nay also Thclude up to 20.000 percent by vol ume heavy netal
scaven ' agents. These heavy netal scavengers or chel ating
agent sﬁmﬂml"anﬂﬁlmrrlm to inhibit free radical damage. 25 Desferoxam ne is
one preferv¥ed h#avy nmetal chelator. Cytoprotective agents such as Cal ci um
Channel Bl ockers [err] may al so be present Bn this organ resuscitation
solution in anmounts up to 10. 000 percent b§ vol ume. These cytoprotective
agents, inhibit sak 130 43THES ,Stabilizing the cell nenbrane. Additiona
met abol i ¢ nedi a =801 and gl utamate, aspartate_or

N- net hyl - d- aspar t at & «( NvBAPekhedgefi Breserying Qrgansg sudhe thatysada up to
10. 000 percent lrganisuremain viable forFharvéstirndamd sibsaquent contain up

coagi ati g agonTETEBIarSs GPBBALBEBEE: ng whioh o o o Pree

‘5 a. establishing an artificial circulation in
an organ of a patient or cadaver by catheterizing said
patient or cadaver at an injection point;

b. oxygenating the organ by introducing
oxygen carrying agents through said catheter;

10 ' C. lowering the organ’s temperature by
introducing cooled fluid through said catheter, said
cooled fluid being at a-temperature below body
temperature;

d. inhibiting free radical damage by

15 introducing free radical scavéngers through said
catheter; .
whereby the metabolic rate of said organ is slowed and
said organ remains viable.

.20 2. The method of claim 1, wherein said method
further involves the step of introducing tissue-
protecting agents and damage-xreversing agents through
said catheter.

25 3. The method of claim 1, wherein said injection
point is at least one blood vessel, one lymph vessel,
said organ or the tissue surrounding said organ.

4. The method of claim 3, wherein said blood’
30 vessel is at least one artery or vein.

5. The method of claim 1, wherein said oxygen
carrying agents include perfluorocarbons.

35 6. The method of claim 1, wherein said fluid is
coclel to approximately 40 degrees Fahrenheit.
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24 may occur due to k of blood flow during the trauma, or due to the
fact t$ \mm‘tm “‘& \iﬁd Once this nethod has been perfornmed and the organ
preser g‘ as been properly 5 administered, organ harvesting
may begin. ‘Frbm t he foregoing description, ,it is clear that those skilled
in the art could make changes in the descri"bed enbodi ments and nethods of

the invention wthout de rt B¢h ﬁo&téﬁaﬂﬁoﬁd wHRARNY \SRieoFaRRl s 10

thereof. It is understoo erefore vention is not limted to
the particul ar @M%WW&'&&“"M@ ?“%"’Fiff%d to cover any
nodi fications.which are within the spirit and scope of the clains.

8. The method of claim 7, wherein .said
5 antioxidants coﬁprise: Vitamin A, Vitamin B, Vitamin C,
Vitamin E, Selenium, Cystine, Cysteine, BHT, BHA and
Hydergine.

_ 9. The metho& of claim 2, wherein said protecting’
10 and reversing agents include Lazaroids.

10. A method of preserving organs comprising:
a. providing a solution including
barbiturates, free radical scavéngers and oxygen
15 carrying agents;
b. oxygenating said solution;
c. cooling said solution to a temperature |
substantially below body temperature;
d. introducing said solution into a patient
20 at an injection point within said patient’s body;
whereby metabolic rates of the tissues in said orxgan are
slowed, enabling a viable organ to be harvested for
transplantation. '

25 11. The method of claim 10, wherein injection step
further includes providing said solution with tissue
protecting agents and tissue damage reversing agents.

.12. The method of -claim 10, wherein said oxygen
30 carrying agents include perfluorocarbons.

13. The method of claim 10, wherein injection point
is at least one blood vessel whereby said injection
point is at least one blood vessel whereby said solution

35 uses the circulatory system in moving to said organ.
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VWHAT | STCCArVED TS—1 An apparatus for preserving organs such that said

-0r gans | Lahl harvesti ng and subsequent transplant, conprising:
a. ﬂ@;ﬁ@i‘gﬂg@dlﬁ!"mtl ng an artificial circulation in an organ of a
pati ent heteri zing said patient or cadaver at an injection
poi nt; and.b. means for lowering the organ's tenperature by introducing
cooled fluid through said catheter, said cooled fluid being at a

d

t enperat ure bel ow bddy t Thpemathed ofitrlaim ke whegedn spifdinjertion
oxygen carryi ngpadat $s #b8i t8ask Vake al Pmp ey s@AN sadadokyyan, r odi €hé
scavengers, mhlgg Inhi bi t fre§ rad*cal amage; whereby the netabolic rate
of said organ i +8PBReGUEREY %QHC)QﬁNP$%ﬁﬂﬂFB vi able. 2. The appar at us
of claim1l, wherein said solution further contains tissue- protecting -

agents and danmages- §gVer 8:89n8ERAA Sof Tlaim MF, WHeFANUSa2l graem 1,
wherein said injection point 1s at | east on«%1 00 . . .
: radicals scavengers include the antioxidants: Vitamin

A, Vitamin B, Vitamin C, Vitamin E, Selenium, Cystine,
Cysteine, BHT, BHA, and Hydergine. '

10 16. The method of claim 10, wherein said solution
is cooled to approximately 40 degrees Fahrenheit.

17. The method of claim 10, wherein said tissue
protecting agents and said tissue damage reversing
15 agents include Lazaroids.

18. A method of treating anoxic and/or ischemic
brain and associated nervous tissue injury comprising:

a. providing a solution including

20 barbiturates, free radical scavengers and oxygen
' carryiné agents in a first and second amount; _

b. introducing said first amount of said
solution in an amount effective to prevent an oxidative
burst of free radicals into a patient at an injection

25 point within said patient‘s body; .

c. oxygenating said second amount of said

solution; )
- d. cooling said second amount of said

solution to a temperature substantially below body
30 temperature; '

e. introducing said second amount of said
solution into said patient at said injection point
within said patient’s body;
whereby metabolic rates of said nervous tissues are

35 slowed during treatment.

—
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Id organ, or the tissue surrounding the organ. 4.
wherein said at | east one bl ood vessel is at
5. The apparatus of claiml1, -wherein said
ncl ude perfluorocarbons. 6. The appar at us of

The apparatus of clgip@ 1, wherein said free radical

IXi dant s. 26 8. The %gparatus of claim7,
whereimSald anti oxi dants conprise: Vitamn A mn B, Vitamn C
Vitam n E, Selenlﬁ?usca;tlne Cyst ejMe, : Hyder gi 9. The
appar atus of cl ai Je \#her ei n sai'¢/pr ' ver si ng zz;glnts I ncl ude
Lazar oi ds. !36 35- 40 6
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’Serving organs conprising: a. means for

" gtiing barbiturates, free radical scavengers and
oxygen carrylng agents ' nmeans for oxygenating said solution; c.
nmeans .fol koojé daNs®d s tion to a tenperature substantially bel ow body
tenper at br and d s for introducing said solution into a patient
at an injeirfnﬂ‘ﬁﬁTﬁT'ﬁfﬁh n said pat @f®' s body; whereby netabolic rates
of the tdssues in _said_orghn are slowed, enabling a viable organ to be

0. A
ol di ng R

)—-ﬂl"j.

harvested Tor transplantation. 11. The apparatus of claim 10, wherein
sai d sol utian ng agents and tissue danage rever5|ng
agents. 12. NDNG ALL £R ¥E m 0, wherein said oxygen carrying

agents i ncljude p@ARDIACQUTBUTIO-13. d12pparatus of claim 10, wherein

the injectijon PAN m‘rssﬂmlmn;u-m bljood vessel whereby said injection
point is at ereby said solution uses the
circul atory systemin ing to said organ.

VENTILATING LUNGS AND |
MAINTAINING LIFE SUPPORT | ' 14

ESTABLISHING AN ARTIFICIAL | | FIG5
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!

~ DRIVING THE BRAIN
INTO A COMA

OXYGENATING THE BRAIN
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14. - The apparatus of claim 10, wherein sai'd injection point is at |east
ohe | ynph vessel, said organ, or the tissue.surrounding the organ. 27
15. The apparatus of claim 10, wherein said free radi cal scavengers

i nclude antioxidants: Vitamin A Vitamin B, Vitamn C, Vitamn E, Sel enium
Cystine, Cysteine, BHI, BHA and Hydergine. 16. @ The apparatus of claim 10,
wherein said solution is cooled to approximately 40 degrees Fahrenheit. 17.
The apparatus of claim 10, wherein said tissue protecting agents and tissue

damage reversing agents include Lazaroids. 18, An apparatus for treating
anoxi ¢ and/or ischem c brain and associ at nervous tissue injury
conprising: a. nmeans for holdinhg a sol'ution including barbiturates, free

radi cal scavengers and oxygen carrying agents in a first and second anount;
BRAIN RESUSCITATION AND ORGAN PRESERVATION DEVICE AND METHOD

The invention discloses a method for preserving organs
in brain-dead humans or cadavers which allows additional
time for the organs to remain viable such that they may be
harvested for subsequent transplantation. The method
includes the steps of catheterizing the vessels or tissues
around the organ sought to be preserved, introducing a
temperature controlled solution to cool the organ to
inhibit degenerative metabolism, oxygenating the organ and
inhibiting free radical damage. The temperature controlled
organ preservation solution includes perfluorocarbons,
antioxidants, tissue damage reversing and protecting

agents, carrier <vehicles, diluents, nutrients, and
anticoagulating agents. A device which performs this
method is also disclosed. This device includes a fluid

reservoir (30), an oxygen tank (34), a heat exchanger (38)
and removable catheter lines (60). Also disclosed is a
method for brain resuscitation involving injections of
"warm" resuscitation solution followed by injection of
"cool" and oxygenated resuscitation solution.

Figure 1
TR F804e REPLACEMENT SHEET
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b. > rmeans for intredueing-said fitst anmount of said solution in -l &rount”
‘ef fective to prevent an oxidative burst of fiee-radi-cals.inta.a _patient at
an injecti ﬂm“mmt“m“ inma:i d patients body; c RERAMEMEBNT BHRETSAL | 8G
sai d secon sol ution; d. rrean% - Gpeserypldnngagad d..3€GRpeY ...
amount of s&id®sdiution to a tenperature substant®&lim(tel awabatlys. 1o pased 4.
t enperature; and e. nmeans for jntroducing sal d Secong(anpupds of t§é§a d
sol ution into said patient at said injectdon poiri Absthien S@hgbdPal k@Rhedy
body; whereby metabolic rates of said nérvous tiissues are slowed durf n% """
treat ment. REPLACEMENT SHEET i

DATE OF RECEL 14(8,
WHAT IS CLAIMED IS: L : RECEIPT (%1%, ..
1. - Anapparatus for preserving organs such that said organs remain viable for

harvesting and subsequent transplant, comprising:
a. means for establishing an artificial circulation in an organ of a patient
or cadaver by catheterizing said patient or cadaver at an injection point; and

b. means for lowering the organ's temperature by introducing cooled fluid

through said cathetcr,%.aid cooled fluid being at a temperature below body temperature,

Y wherein the cooled fluid coﬁtain.s oxygen carrying agents, which oxygenate the organ, and
free radical scavengers, which inhibit free radi;:al damage;
whereby the metabolic rate of said organ is slowed and said organ remains
viable.
2. The apparatus of claim 1, wherein said solution further contains tissue-
protecting agents and damages-reversing agents.
3. The apparatus of claim 1, wherein said injection point is at least one blood
vessel, lymph vessel, sé.id organ, ét the tissue surrounding the organ.
U 4. The apparatus of claim 3, wherein said at least one blood vessel is at least one

artery or vein.

5. The apparatus of claim 1, wherein said oxygen carrying agents include

perfluorocarbons.

6. The apparatus of claim 1, wherein said fluid is cooled to approximately 40

degrees Fahrenheit.

7. The apparatus of claim 1, wherein said free radical scavengers include

antioxidants.
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8. The apparatus of claim 7, wherein said antioxidants comprise: Vitamin A,

Vitamin B, Vitamin C, Vitamin E, Selenium, Cystine, Cysteine, BHT, BHA and Hydergine.

9. The apparatus of claim 2, wherein said protecting and reversing agents include

Lazaroids.

10.  Anapparatus for preserving organs comprising:

a. means for holding a solution including barbiturates, free radical

scavengers and oxygen carrying agents;

\ b. means for oxygenating said solution;
c. means for cooling said solution to a temperature substantially below
body temperature; and
d. means for introducing said solution into a patient at an injection point
within said patient's body;

whereby metabolic rates of the tissues in said organ are slowed, enabling a viable
organ to be harvested for transplantation.

11.  The apparatus of claim 10, wherein said solution contains tissue protecting

agents and tissue damage reversing agents.

12.  The apparatus of claim 10, wherein said oxygen carrying agents include
perfluorocarbons.
13.

The apparatus of claim 10, wherein the injection point is at least one blood

vessel whereby said injection point is at least one blood vessel whereby said solution uses the
circulatory system in moving to said organ.

14.  The apparatus of claim 10, wherein said injection point is at least one lymph

vessel, said organ, or the tissue surrounding the organ.
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15.  The apparatus of claim 10, wherein said free radical scaveagers include
antioxidants: Vitamin A, Vitamin B, Vitamin C, Vitamin E, Selenium, Cystine, Cysteine,

BHT, BHA and Hydergine.

16.  The apparatus of claim 10, wherein said solution is cooled to approximately 40

degrees Fahrenheit.

17.  The apparatus of claim 10, wherein said tissue protecting agents and tissue

damage reversing agents include Lazaroids.

18.  An apparatus for treating anoxic and/or ischemic brain and associated nervous
tissue injury comprising:
a. means for holding a solution including barbiturates, free radical

scavengers and oxygen carrying agents in a first and second amount;

b. means for introducing said first amount of said solution in an amount

effective to prevent an oxidative burst of free radicals into a patient at an injection point

within said patient's body;
c. means for oxygenating said second amount of said solution;
d. means for cooling said second amount of said solution to a temperature

substéntially below body temperature; and

e. means for introducing said second amount of said solution into said
patient at said injection point within said patient's body;

whereby metabolic rates of said nervous tissues are slowed during treatment.
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