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FIG. 3E
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METHODS FOR MINIMIZING SPASTICITY IN
BLOOD VESSEL GRAFTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. patent
application Ser. No. 10/285,219, filed on Oct. 31, 2002,
which claims the benefit of the filing date of U.S. Provisional
Patent Application No. 60/335,642 filed on Oct. 31, 2001,
and U.S. Provisional Patent Application No. 60/336,090
filed on Oct. 31, 2001.

BACKGROUND

[0002] As the patient population with coronary artery
disease (for example, but not limited to, those patients
presenting with blocked coronary arteries) becomes older
and 10% to 30% of these patients have to undergo cardiac
re-operations involving replacement bypass grafts, there
exists a need to identify new sources of bypass graft conduits
and new treatments for the preparation of same. Bypass graft
conduits have traditionally been performed with venous
grafts, typically pieces of veins from the patient’s leg
(generally the saphenous vein), which are harvested and then
transplanted in a bypass procedure, typically a coronary
bypass artery procedure. However, grafts made of arteries
have a more muscular media than that of veins and are able
to withstand, on average, higher blood pressures than that of
venous grafts.

[0003] During the last 15 years, there as been a marked
increase in the use of arterial conduits to perform coronary
artery bypass grafting (CABG). The clinical and survival
benefits of bilateral internal thoracic artery grafts have
established them as conduits of first choice for CABG,
whereas the radial artery has rapidly become the second
most commonly used arterial conduit.

[0004] Blood vessel grafts, especially arterial grafts, com-
monly used in transplantations (bypass procedures) are
prone to spasticity, i.e., vasospasm (the muscular media of
the blood vessel wall having a tendency or increased ten-
dency to undergo intermittent contraction) or “string sign”
with use of vasopressor therapy both intra-operatively and
post-operatively, and thus cause increased resistance and
hence a decrease in blood flow through the arterial grafts.
For example, the internal thoracic artery, like other arteries
that are used for arterial grafts, has a capacity to undergo
vasospasm or spasticity due to its inherent arterial nature of
having more muscular media than venous blood vessels
(veins). Such spasticity can result in a decrease in blood flow
to the heart muscle resulting in angina, as well as possibly
severe myocardial infarction or hypoperfusion. The spastic-
ity of the artery can thus adversely affect the conduit’s
(graft’s) long-term patency and can therefore result in the
need to perform another coronary bypass procedure with a
new graft or conduit within as few as three years. Specifi-
cally, radial artery bypass conduits are very prone to spas-
ticity, causing increased resistance and decreased blood flow
in coronary artery bypass grafts.

[0005] The radial artery is a versatile conduit, which can
be harvested easily and safely, has handling characteristics
superior to those of other arterial grafts, and can comfortably
reach any coronary target. Several studies have reported
superior patency of radial artery grafts compared with vein
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grafts at up to five years after CABG. Enthusiasm for
widespread use of the radial artery as a conduit for CABG
has, however, been tempered by its greater proclivity to
spasm in the perioperative period.

[0006] Indeed, the radial artery was first suggested as a
conduit (graft) for coronary artery surgery in 1973, but later
was abandoned owing to a high failure rate (35% at two
years post operation) of the graft, with such failures attrib-
uted primarily to vasospasm (spasticity) Later, the failure
rate was reduced somewhat with the addition of calcium-
channel blockers and aspirin administered post-operatively.
However, despite the use of the calcium-channel blockers,
aspirin and vasodilators such as nitroglycerin, sodium nitro-
prusside and papaverine during the harvesting period of
arterial grafts, vasospasm, hypoperfusion, and graft failure
were still observed.

[0007] The tendency of the radial artery to spasticity
(vasospasm) can thus result in severe post-operative myo-
cardial hypoperfusion, as well as adversely affecting the
grafts long-term patency. The capacity of the radial artery
for vasospasm is several-fold greater than that of other
arteries, for example the internal thoracic artery, because of
its high muscular media and generally thicker arterial wall,
and this spasticity/vasospasm risk is further increased in
patients who require inotropic or vasoconstrictor therapy.

[0008] Various pharmacologic maneuvers have been rec-
ommended to reduce (minimize) the risk of radial artery
vasospasm in the perioperative period, but all have signifi-
cant limitations. Intravenous infusions of calcium channel
blockers cause hypotension, bradycardia, and significant
rhythm disturbances, whereas topically applied agents, such
as papaverine and nitroglycerin, have relatively short half-
lives. The current pre- and/or intra-operative treatment with
papaverine, or other vasodilator agents, fails to either mini-
mize, or provide a sustained inhibition of, spasticity (vaso-
constriction) during and immediately after transplantation.

[0009] Thus, arterial grafts, and most particularly radial
arterial grafts, have a greater tendency to spasticity or
vasospasm due in part to the greater muscularity of arteries
as compared to veins. For radial arteries, the increase of
musculature in the arterial wall and the thicker media and a
more dense organization of myocytes and less connective
tissue as compared to other arteries, such as the internal
mammary artery, all combine to make the radial artery more
susceptible to vasoactive substances, such as potassium,
serotonin, and the alpha agonists norepinephrine and phe-
nylephrine. As a result, arterial grafts, and radial artery grafts
in particular, are at a greater risk for spasticity (vasospasm)
during catecholamine surges that occur during cardiopul-
monary bypass and post-surgical events (such as discontinu-
ation of ventilation and removal of chest tubes), as well as
during the administration of pressor agents to sustain the
patient’s blood pressure during the post-operative period.

[0010] Presently, phosphodiesterase inhibitors, which are
vasodilator agents, such as papaverine, are used to reduce
spasticity (i.e., attenuate or minimize vasospasm) of arterial
grafts. However, papaverine treatments are also problematic
in that they are limited by the temporary reduction in
constrictor responses and seem to result in an overwhelm-
ingly high risk of endothelial damage of the prospective
arterial graft segments.

[0011] Finally, the problems of a greater tendency to
spasticity or vasospasm and short term patency in internal
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thoracic arterial grafts has minimized the use of such arteries
in coronary bypass grafting and has essentially mandated the
use of ex-vivo procedures for coronary bypass grafting using
harvested arterial grafts. Ex-vivo procedures for such har-
vested arterial grafts typically require the artery to be
harvested to be removed from the body of a donor or patient
and placed into a sterile environment, cooled down for
transport from the operating room to a laboratory or other
room (if attempts to minimize spasticity are performed), and
thereafter warmed up again to approximately body tempera-
ture, while being provided with oxygen and maintained at
proper pH (typically around pH 7.4) for transportation back
to the operating room and implantation back into the body
of the patient. The time requirements for such ex-vivo
methods, in addition to sterility, oxygenation and cold/heat
shock concerns, can be serious drawbacks and, at the very
least, delay the transplantation or implantation of the har-
vested artery in a coronary bypass procedure.

SUMMARY

[0012] We have surprisingly discovered that use of a
spasticity minimizing agent, for example an haloalkylamine
alpha-adrenergic antagonist (blocking agent), such as phe-
noxybenzamine, in solution applied topically, in a soaking
solution bath or infused into a blood vessel graft attenuates
(ie., reduces) spasticity or vasoconstriction induced by
inotropic agents such as phenyleprine or norepineprine for
up to and including 48 hours post-treatment (harvesting of a
blood vessel and implantation of said harvested blood vessel
graft) by ex-vivo procedures and in-vivo procedures. In the
in-vivo procedure, the internal thoracic artery is not removed
from the patient, but instead is harvested (cut) at only one
location (end) and thus, while the internal thoracic artery is
still part of the patient’s circulatory system, the harvested
end of the internal thoracic artery can be treated immediately
if desired on-site (for example in the operating room) with
an infusion of, or soaked with, a phenoxybenzamine solution
or other alpha-adrenergic solution, and then the detached
harvested end of the internal thoracic artery is attached and
implanted to connect with the blocked coronary artery.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] So that the manner in which the above recited
features of the present invention are attained and can be
understood in detail, a more particular description of the
invention, briefly summarized above, may be had by refer-
ence to the embodiments thereof which are illustrated in the
appended drawings.

[0014] Tt is to be noted, however, that the appended
drawings illustrate only typical embodiments of this inven-
tion and are therefore not to be considered limiting of its
scope, for the invention may admit to other equally effective
embodiments.

[0015] FIG. 1 depicts the location of the radial artery in
the arm, wrist and hand area with a notation as to how the
artery is completely removed from the body, and then
pretreated ex-vivo in a solution prior to being transplanted
back into the body to connect into an obstructed coronary
artery distal to (below) the obstruction,

[0016] FIG. 2 depicts the internal thoracic artery and its
location with respect to the heart with a notation depicting
an alternative method, the in-vivo procedure, for clamping
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one end of the internal thoracic artery and infusing the artery,
with pedicle as shown, with a spasticity agent minimizing
solution (for example, a phenoxybenzamine solution), thus
preventing entry of the solution into the systemic circula-
tion;

[0017] FIG. 3A depicts contractile responses of canine
radial artery segments to phenylephrine after 2 hours of
treatment with phenoxybenzamine; FIG. 3B depicts con-
tractile responses of canine radial artery segments to phe-
nylephrine after 24 hours of treatment with phenoxyben-
zamine; FIG. 3C depicts contractile responses of canine
radial artery segments to phenylephrine after 48 hours of
treatment with phenoxybenzamine; FIG. 3D depicts con-
tractile responses of canine radial artery segments to nore-
pinephrine after 2 hours of treatment with phenoxyben-
zamine; FIG. 3E depicts contractile responses of canine
radial artery segments to norepinephrine after 24 hours of
treatment with phenoxybenzamine; FIG. 3F depicts con-
tractile responses of canine radial artery segments to nore-
pinephrine after 48 hours of treatment with phenoxyben-
zamine.

[0018] FIG. 4 depicts human radial artery vasocontraction
responses to increasing concentrations of phenylephrine,
with or without pretreatment with three different concentra-
tions of phenoxybenzamine (PBZ);

[0019] FIG. 5 depicts radial artery vasocontraction
responses to increasing concentrations of norepinephrine,
with or without pretreatment with three different concentra-
tions of phenoxybenzamine (PBZ);

[0020] FIG. 6 depicts radial artery vasocontraction
responses to 15 uM phenylephrine, with and without fas-
ciotomy after treatment with 10~> M phenoxybenzamine
(PBZ) or papaverine/lidocaine (Pap/Lido);

[0021] FIG. 7 depicts radial artery vasocontraction
responses to 15 4M norepinephrine, with and without fax-
ciotomy after treatment with 10> M phenoxybenzamine
(PBZ) or papaverine/lidocaine (Pap/Lido); and

[0022] FIG. 8 depicts radial artery endothelial function
expressed as percent relaxation to 12 uM acetylcholine, with
and without fasciotomy after treatment with 10> M phe-
noxybenzamine (PBZ) or papavarine/lidocaine (Pap/Lido).

DETAILED DESCRIPTION

[0023] The harvesting of the blood vessel to be grafted
may be performed on both veins and arteries, with arteries
being harvested to form arterial grafts being preferred.

[0024] Any artery may be harvested to use in the proce-
dure discussed herein, including but not limited to the
internal mammary (thoracic) artery, the gastroepiploic
artery, the inferior epigastric and radial artery. Preferably,
the radial arteries are harvested to form radial arterial grafts
in an ex-vivo procedure, and the internal thoracic artery is
harvested to form an internal thoracic arterial graft in an
in-vivo procedure.

[0025] The harvesting procedure is performed according
to methods well known in the art, but preferably is per-
formed to harvest either the artery as a skeletonized vessel,
without any surrounding connective tissue (pedicle) (See,
for example. FIG. 1), or as a direct harvest of the artery with
the surrounding connective tissues (pedicle) (See, for
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example, FIG. 2). Optimally, due to known surgical con-
cerns regarding harvesting (such as, for example, the one
touch issue), the harvesting procedure is a direct harvest of
the radial artery and surrounding pedicle for the ex-vivo
procedure. For the in-vivo procedure, the internal thoracic is
harvested from the chest wall, and its distal end is detached
(cut) and used to connect with the obstructed coronary artery
below the obstruction.

[0026] In one method of harvesting the radial artery, a
fasciotomy of the radial artery with pedicle is performed to
expose the arterial vessel wall to a spasticity minimizing
agent, preferably a solution comprising, in whole or in part,
a spasticity minimizing agent, for example phenoxyben-
zamine. The spasticity minimizing agent solution may
optionally be combined with at least one vasodilator agent
and an anti-coagulating agent to form a spasticity minimiz-
ing agent pretreatment solution, such as for example a
phenoxybenzamine pretreatment solution, as a pharmaceu-
tical formulation. In this method, the pedicle of the radial
artery is incised longitudinally overlying the radial artery, as
well as the underlying fascia overtop of the radial artery.
This particular method permits direct exposure of the wall of
the radial artery to the spasticity minimizing agent pretreat-
ment solution, for example the phenoxybenzamine pretreat-
ment solution, while also permitting the radial artery to
partially extend and thus either reach more, or be utilized in,
longer grafts.

[0027] Following the harvesting of the blood vessel to be
grafted, the harvested blood vessel is soaked in the solution
comprising the spasticity minimizing agent, for example
phenoxybenzamine, or the pretreatment solution, for a
period of time, preferably from about 5 to about 60 minutes.
The soaking step is performed as per known methods in the
art, and includes direct perfusion, injection into the lumen of
the vessel, pressurized intralumenal injection, and other
well-known techniques. For example, the soaking step may
be performed through intralumenal injection of the solution
comprising the spasticity minimizing agent, for example
phenoxybenzamine, into the lumen of an artery, such as the
lumen of the radial artery, with subsequent clamping of one
or both ends of the artery to retain the solution comprising
the spasticity minimizing agent (for example phenoxyben-
zamine) intralumenally.

[0028] Alternatively, the soaking step may be carried out
through the indirect exposure of the vaso vasorum, using
direction of the spasticity minimizing agent solution, for
example, a phenoxybenzamine pretreatment solution, into
accompanying and parallel veins. The pretreatment solution
may optionally include an amount of the patient’s blood and
further may also include a physiologic crystalloid buffer
solution. In this soaking step, one end of the artery, with
pedicle, is clamped (including the artery and veins), while
the veins are individually injected with some pressure from
about 0.01 mm Hg to about 100 mm Hg to perfuse the wall
of the artery.

[0029] In another embodiment of the soaking step, the
harvested radial artery itself can be directly perfused with
pressure controlled to about 0.01 to about 100 mm Hg, to
permit direct perfusion of the vaso vasorum branches com-
ing off the radial artery lumen.

[0030] In yet another embodiment of the soaking step,
pressure is utilized to assist the penetration of the solution of
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the spasticity minimizing agent, for example phenoxyben-
zamine (e.g., a phenoxybenzamine pretreatment solution),
into the artery, such as the radial artery, and pedicle. In such
a procedure, the harvested artery is placed into an enclosure,
such as a cup, and the solution of the spasticity minimizing
agent, for example, phenoxybenzamine, is added. The enclo-
sure is then enclosed and pressurized at about 0.01 mm Hg
to about 100 mm Hg to force the solution of the spasticity
minimizing agent, for example, phenoxybenzamine, as well
as associated medications, such as antibiotics, anesthetics or
other known medications typically utilized in such a bypass
procedure, if desired, into the wall of the artery.

[0031] In addition, the pharmaceutical formulation for
minimizing (i.e., reducing or attenuating) spasticity in blood
vessels (“soaking solution”) may be used in accordance with
the present invention for any intracoronary or intravascular
introduction such as intralumenal injection into the internal
thoracic artery, as well as in peripheral vascular implants or
conduits, for example fem-popliteal bypasses or shunts; in
minimizing spasticity in cerebral vessels, for example repair
of aneurysms, occlusion of A-V fistulac by external or
endovascular approaches; in minimizing spasticity during
re-vascularization of free-flaps; in brachial or other artery
shunts for vascular access in dialysis patients, in repair or
re-vascularization of amputations or other traumatic repairs
(for example, but not limited to, re-anastomosis of torn
vessels for digital or limb reattachment after traumatic
amputation or trauma resulting from, for example, gunshots
and sharp or blunt trauma); as well as normal exposure
techniques known to those skilled in the art, for example, but
not limited to, fasciotomy, infusion via the companion veins,
intralumenal exposure and intralumenal pressurization to
penetrate via the blood vessel (for example, the vaso
vasorum). The “soaking solution” can also be used via local
delivery into organs, tissues or tissue layers either by itself,
or as a co-infusate of agents to minimize or inhibit spasticity
as either a primary effect or part of a side effect.

[0032] The soaking step can also be performed through the
introduction of the solution of the spasticity minimizing
agent, or the pretreatment solution, such as for example, a
phenoxybenzamine pretreatment solution, intracoronarily or
intravascularly, for example intracoronary introduction of
the of the solution of the spasticity minimizing agent such as
phenoxybenzamine into a vaso-spastic coronary artery or
into an arterial graft already in place to reduce or minimize
spasticity (vasospasm). In one embodiment of this proce-
dure, the arterial vessel or graft undergoing spasticity (the
spastic graft) can be catheterized under fluoroscopy and the
solution of the spasticity minimizing agent such as phenoxy-
benzamine then infused. In such a procedure, a catheter may
be used to also temporarily occlude the vessel or graft
distally, causing a graft space, with the solution of the
spasticity minimizing agent such as phenoxybenzamine then
added to fill and soak (“dwell”) within the graft space for a
given period of time. The solution of the spasticity mini-
mizing agent such as phenoxybenzamine could then be
either allowed to flush into the circulation upon removal of
the catheter occlusion or can be re-aspirated through the
coronary catheter to avoid systemic circulation. Those
skilled in the art will appreciate the ability of this procedure
to be applied to any other organ, such as but not limited to
the kidney, brain, peripheral skeletal muscles, etc.
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[0033] The spasticity minimizing agent of the present
invention is selected from the group consisting of haloalky-
lamine alpha adrenergic blocking agents, and preferably is
selected from the group consisting of phenoxybenzamine,
isomers of phenoxybenzamine and tertiary amines of phe-
noxybenzamine.

[0034] The spasticity minimizing agent may be diluted
into a solution, to a concentration of about 107° M to about
10~ M. The diluent may be selected from the group con-
sisting of normal saline and related physiological solutions
and buffer solutions known in the art. Additionally and
preferably, for a pharmaceutical formulation, the solution of
the spasticity minimizing agent is combined with at least one
vasodilator agent, such as for example lidocaine, xylocaine,
tetracaine, procaine and other short-term vasodilators such
as papaverine, adenosine, nitric oxide donor agents, calcium
channel blocker agents, sodium channel blocker agents and
related adenosine regulating agents, and an anti-coagulating
agent, for example, heparin, coumadin, ETDA, citrate,
EGTA and other anti-coagulating agents that increase acti-
vated clotting time greater than about 200 seconds, to form
the pretreatment solution of the spasticity minimizing agent.
The at least one vasodilator agent is present in a concentra-
tion of about 5 to about 60 mg, and preferably is selected
from the group of lidocaine and papaverine, while the
anti-coagulating agent is present in a concentration of about
10 to about 1000 IU or approximately the concentration
sufficient to make activated clotting time, the time in which
clotting will begin to activate or start, greater than about 200
seconds.

[0035] The use of the spasticity minimizing pretreatment
solution, such as the phenoxybenzamine solution, was dem-
onstrated to be statistically significant in reducing (i.e.,
attenuating or minimizing) vasospasm or spasticity in the
following experiment examples conducted with harvested
canine radial arteries (Example 1) and human radial arteries
(Example 2).

EXAMPLE 1

[0036] Canine radial arteries were harvested without
pedicles, and incubated in control buffer or solutions of
papavarine (10~° M), 2,3-butadione monoxime (BDM, 10~°
M) (a putative protein phosphatase) or phenoxybenzamine
(10 M) for a period of 30 minutes. The arteries were then
washed with buffer and stored in a drug-free culture medium
for a set time period (2 hours, 24 hours or 48 hours per
example). After storage, vasopressors norepinephrine or
phenylephrine were added at incremental concentrations
ranging from 0.7 to 3.5 umol/L (norepinephrine) or 0.300 to
1.5 umol/L (phenylephrine) to all arterial samples to attempt
to induce spasticity or vasoconstriction. The degree of
vasoconstriction was then quantified in organ chambers. The
responses of the arterial samples to norepinephrine or phe-
nylephrine were compared with spasticity or constriction
with receptor-independent potassium chloride (KCI) at 30
mmol/L.

[0037] In control radial artery segments the concentration-
dependent contractile responses to norepinephrine and phe-
nylephrine were not significantly different at any concen-
tration after 2 hours, 24 hours, and 48 hours of storage. The
maximum responses of untreated and treated radial artery
segments of KCl, phenylephrine and norepinephrine (in
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grams of tension) are summarized in Table 1. The constric-
tion (contraction) responses to phenylephrine and norepi-
nephrine given below are represented as a percentage of the
responses to KCl, i.e. 100x(grams tension norepinephrine/
grams tension KC1).

[0038] The maximal constriction (contraction) response to
norepinephrine was observed at 3.5 umol/L, and averaged
54%+2% at 2 hours, 54%=+3% at 24 hours, and 58+7% at 48
hours relative to contractile responses to KCl. Phenyleph-
rine-induced constrictor responses followed a similar con-
centration-dependent contractile pattern with the maximum
contractile response being observed at 1.5 umol/L.. There
were no significant differences in contractile responses at
any concentration of phenylephrine between 2 hours, 24
hours, and 48 hours of storage; maximum contraction
responses (% of KCl-induced response) averaged 67%=4%
at 2 hours, 62%=+6% at 24 hours, and 65%=+6% of KCl
response at 48 hours.

TABLE 1

Contraction Responses to Norepinephrine and Phenylephrine
from Resting Force (approx. 3 g tension for each subset) in
Untreated and Treated Radial Artery Segments

2 Hours 24 Hours 48 Hours
Norepinephrine
Control 7.48 £ 1.23 6.22 £ 0.48 5.14 £ 0.55
Pxb 0.80 = 0.05° -0.58 +0.05> -1.62 = 0.36°
(phenoxybenzamine)
Pap (Papaverine) 7.65+0.72 1037 x026 1255 122
BDM (2,3- 5.69 = 0.29 4.22 £ 0.75 7.01 £0.85
butadionemonoxime)
Phenylephrine
Control 10.62 £ 0.57  10.14 = 0.64 713 £ 0.85
Pxb 203 +0.13°  020=001° -1.08 019"
Pap 1429 £ 076 1233 £0.76 1046 =0.52
BDM 8.35 = 0.79 9.43 = 0.64 7.01 = 0.80

®p < 0.05 versus paired control radial segments.

[0039] There was no significant attenuation (minimiza-
tion) of vasoconstrictor responses to either norepinephrine
or phenylephrine 2 hours, 24 hours, or 48 hours after
pretreatment with the wvasodilator papaverine versus
untreated arteries. Interestingly, there was a paradoxical
trend toward increased maximal constrictor response to both
norepinephrine and phenylephrine in papaverine-treated
radial artery rings at 48 hours of storage compared with the
respective control vessels. However, this increased constric-
tor response did not reach significance. There was no
significant difference in maximum constriction relative to
KCl responses in the control vessels with 3.5 ymol/L. nore-
pinephrine (54%=2% at 2 hours, 53%=1.0% at 24 hours, and
58%=+7.2% at 48 hours) or 1.5 umol/lL phenylephrine
(67.0%+3.5% at 2 hours, 62.0%x1.6% at 24 hours, and
65.2%+5.7% at 48 hours) that might have accounted for
these apparent increased responses to either vasoconstrictor
in the papaverine-treated vessels. Therefore papaverine had
no inhibitory effect on norepinephrine or phenylephrine-
induced contraction after washing (2 hours) or after 24 or 48
hours after the 30-minute pretreatment.

[0040] Maximal constriction responses to norepinephrine
in radial artery segments pretreated with BDM were signifi-
cantly greater compared with the respective control vessels
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at 2 hours (approximately 50% for the control and approxi-
mately 75% for BDM treated segments). However, after 24
hours and 48 hours of drug-free storage, constriction
responses to norepinephrine were similar between control
vessels and drug-tested vessels. Constrictor responses of
BDM-treated radial artery segments exposed to phenyleph-
rine were very similar to control segments at 2 hours and 24
hours but were significantly attenuated only after 48 hours of
storage (approximately 65% for the control and approxi-
mately 39% for the BDM treated segments).

[0041] However, the application of norepinephrine in phe-
noxybenzamine-treated radial artery segments did not
increase constriction, but rather at all concentrations of
norepinephrine utilized, constriction was attenuated in phe-
noxybenzamine-treated segments compared with untreated
segments. Pretreatment of the radial artery segments with
1x10 M phenoxybenzamine for 30 minutes significantly
attenuated constrictor responses to the maximum concen-
tration of norepinephrine and phenylephrine at all three time
points as shown in FIG. 3A-F. Two hours after exposure to
phenoxybenzamine, constrictor responses to the entire range
of concentrations of norepinephrine were significantly
inhibited, with the maximal constriction response averaging
-7%+1% of KCI response compared with 49%+2% in
untreated vessels. Significant inhibition of maximal con-
strictor responses were still observed 24 hours (-5%=5%
versus 42%=3%) and 48 hours (-20%=5% versus 58%+7%)
after treatment with phenoxybenzamine versus untreated
vessels, respectively. Constriction responses to phenyleph-
rine were also significantly attenuated (i.e., reduced) in
vessels pretreated with phenoxybenzamine with constriction
response to the maximum concentration of phenylephrine
significantly lower 2 hours after treatment versus untreated
vessels (19%+8% versus 67+4) see FIG. 3A-F. This attenu-
ation or minimization was sustained and even enhanced at
24 hours (1%*4% versus 62%=2%) and 48 hours
(-12%=%4% versus 65%=+6%) after a 30 minute pretreatment
with phenoxybenzamine, respectively.

EXAMPLE 2

[0042] Inhibition of Alpha Agonist-Induced Vasoconstric-
tion by Phenoxybenzamine in Human Radial Arteries

[0043] Radial artery (RA) segments were obtained from
patients having elective coronary artery bypass grafting with
or without cardiopulmonary bypass at the Crawford Long
Hospital of Emory University. A modified Allen’s test was
performed to assess the adequacy of collateral circulation to
the hand preoperatively. The RA was harvested with its
pedicle containing the venae comitantes, perivascular fat
and areolar tissue (no fasciotomy) using a “no-touch” tech-
nique. Branches of the RA were ligated with vascular clips.
A subset of the radial artery grafts had the musculofascial
tissue incised (with fasciotomy) to expose the aerolar tissue
adjacent to the graft. The RA was then placed in a solution
containing 20 mL heparinized blood, 1.6 mL 1% lidocaine
and 0.4 mL papaverine (30 mg/mL) for approximately 30
minutes. The RA graft was flushed intraluminally with the
blood/papaverine/lidocaine solution at the beginning and
after 15 minutes of the soaking period. Prior to its placement
in the aortocoronary position, a small segment of the RA was
obtained and immediately placed in Krebs-Henseleit (K-H)
buffer (118 mmol/L. NaCl, 4.7 mmol/L. KCl, 1.2 mmol/L
KH,PO,, 1.2 mmol/LL MgSO04, 2.5 mmol/L. CaCl,, 12.5
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mmol/L. NaHCO,, and 10 mmol/L glucose) at 4° C., pH 7.4
and transported to the Cardiothoracic Research Laboratory.

[0044] The harvested radial artery segment with or with-
out fasciotomy was placed into K-H buffer pH 7.4 with
either 10, 100 or 1000 uM PBZ or vehicle. The radial artery
was flushed intraluminally twice with this solution, once at
the beginning and once at the end of a 30 minute incubation
period, which approximates the time between RA harvest
and placement in the aortocoronary position. In addition,
Control RA segments were obtained prior to intraoperative
pretreatment of the conduit with the papaverine/lidocaine
solution and received no other treatment. The segments were
prepared for placement in organ chambers by carefully
skeletonizing them in cold K-H buffer and cutting them into
rings three to five mm in length. The rings were then
mounted on stainless steel hooks, connected to FT-03 force
displacement transducers, and placed into Radnoti organ
chambers (Radnoti Glass, Monrovia, Calif. containing 7 mL
of oxygenated (95% O,, 5% CO,) K-H buffer at 37° C. and
pH 7.4. Indomethacin (10 gmol/L) was added to the buffer
to block responses to endogenous prostanoids. The rings
were stabilized for one hour with frequent buffer changes
and set to a predetermined tension that allowed 75% of
maximal contraction to 30 mM potassium chloride (KC1).

[0045] The rings were then incubated with increasing
concentrations of phenylephrine (PE) (0.5 to 15 uM) or
norepinephrine (NE) (0.5 to 15 uM). After the highest
concentration of alpha adrenergic agent was achieved, 30
mM KCI was added to the bath to quantify the maximal
nonreceptor-mediated constriction. In randomly selected
vessels, the integrity of the radial artery endothelium was
also tested for its receptor-dependent relaxation response to
incremental concentrations of acetylcholine (ACh), a stimu-
lator of nitric oxide synthase. The rings were precontracted
with the thromboxane A2 mimetic U46619 (1.4 nmol/L),
and then exposed to increasing concentrations of Ach (1
nmol/L to 11.7 umol/L) in the presence of 10 uM indometha-
cin.

[0046] The changes in isometric force were quantified
using an analog-to-digital converter sampling at 2 Hz. The
responses were analyzed using a Windows-based video-
graphics program (SPECTRUM, Wake Forest University,
Winston-Salem, N.C.). The force of contraction elicited by
the exposure to increasing concentrations of PE and NE was
expressed as a percentage of the maximal contraction gen-
erated by KCl in each ring. The degree of relaxation after
exposure to ACh was expressed as the percent tension
reduction from the maximal force of contraction obtained
from U46619.

[0047] Data were analyzed for significance using a one-
way analysis of various (ANOVA) comparing the control,
papaverine/lidocaine and phenoxybenzamine (PBZ) groups
at each concentration of norepinephrine and phenylephrine.
If a significant difference between groups was assigned by
ANOVA, a post-hoc Student-Newman-Keuls test was
applied to locate the source of differences. A p value of
<0.05 was considered to be statistically significant. All data
are reported as meanszthe standard error of the mean.

[0048] Application of phenylephrine (PE) caused a con-
centration-dependent vasoconstriction in Control radial
artery segments; the contraction achieved at the maximal
concentration of PE (15 uM) averaged 44.2+9.1% of the
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KCl response (FIG. 4). Pretreatment of the radial artery in
papaverine/lidocaine solution did not significantly attenuate
the concentration-dependent contraction responses to PE.
Contraction at the highest concentration of PE was reduced
by only 27% of control vessels (32.1£5.9%, p=0.22 vs.
Controls). In contrast, PBZ in addition to papaverine/
lidocaine attenuated (reduced) the vasoconstriction to PE in
a dose-dependent manner (FIG. 4). At the highest concen-
tration of PE used (15 uM), the vasoconstriction response
was attenuated (i.e., minimized) by 63% of control at 10 uM
PBZ (16.5+4.3%, p=0.02), by 80% of control at 100 uM
PBZ (8.7+5.1%, p=0.003) and by 116% of control at 1000
uM PBZ (-7.2+4.4%, p<0.001).

[0049] Incremental concentrations of norepinephrine also
caused progressive vasoconstriction in control human RA
segments (54.7£7.5% of maximal contraction to 30 mM
KCl, FIG. 5). Soaking the RA in a combination of papav-
erine/lidocaine blood solution modestly but significantly
attenuated this vasoconstriction response to 15 uM NE
(35.6+5.1%, p=0.04). Although PBZ at 10 uM inhibited
constriction to concentrations of NE greater than 7 uM, PBZ
at 1000 uM completely inhibited constrictor responses
across all concentrations of NE (FIG. 5). In summary, 1000
uM PBZ added to papaverine/lidocaine completely inhibits
the vasoconstriction induced by PE and NE.

[0050] The potential for fasciotomy at the time of RA
harvest to facilitate exposure of the vessel to PBZ pretreat-
ment was investigated. At the highest concentration of
phenylephrine tested (15 uM), there was no significant
difference between RA segments with fasciotomy and with-
out fasciotomy with either papaverine/lidocaine treatment or
PBZ treatment (1000 uM), FIG. 6. Similarly there was no
benefit to fasciotomy with either papaverine/lidocaine pre-
treatment or PBZ pretreatment when vasoconstriction was
achieved by norepinephrine (FIG. 7).

[0051] RA endothelial function was tested by quantifying
the relaxation response to increasing concentrations of ace-
tylcholine (ACh), a receptor dependent stimulator of nitric
oxide synthase. Endothelial function was not significantly
attenuated in RA segments in which a fasciotomy was
performed (FIG. 8). In the segments treated with papaver-
ine/lidocaine, those without fasciotomy demonstrated an
84.6+6.8% relaxation response to 12 uM ACh, and those
with fasciotomy demonstrated an 80.7+5.7% relaxation
response (p=NS). In the segments treated with 1000 uM
PBZ in addition to intraoperative papaverine/lidocaine,
those without fasciotomy demonstrated an 81.0+11.8%
relaxation response to 12 uM ACh, suggesting no additional
impairment of endothelial function compared to RA seg-
ments treated with papaverine/lidocaine alone. Those with
fasciotomy and treated with PBZ/papaverine/lidocaine
showed a trend toward reduced endothelial function, aver-
aging a 67.6+5.2% relaxation response to ACh (p=0.33
compared to segments treated with PBZ/papaverine/
lidocaine without fasciotomy, unpaired Student t-test).

[0052] Although comparable contractile responses to KCl
over the 2, 24, and 48 hour period of observation suggested
that the vascular smooth muscle was viable after prolonged
storage of the radial artery segments, the viability of the
endophelium was also a concern with prolonged storage.
The endothelium contributes to the overall vascular tone by
tonic release of autacoids such as nitric oxide among other
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vasoactive substances. In addition, any attenuation of func-
tion related to autacoid release by phenoxybenzamine or its
diluents would be undesirable. Endothelial relaxation
responses to all concentrations of acetylcholine were com-
parable with or without phenoxybenzamine treatment over
the 48-hour storage period. With phenoxybenzamine treat-
ment the maximum relaxation response to the highest con-
centration of acetylcholine at 2 hours was 61%=+5% after 24
hours was 57%=6% and 30%=5% after 48 hours; these
levels of relaxation responses are comparable to untreated
control radial artery segments. These data suggest that
treatment of the radial artery segments with phenoxyben-
zamine does not alter viability or function of the endothe-
lium, but rather provides an attenuation or minimization of
constriction (vasospasm or spasticity) in the radial artery
segments.

[0053] Clinical outcomes in coronary artery surgery
depend on the long-term as well as immediate patency and
longevity of the grafts used. Although the radial artery is a
morphologically ideal alternative bypass graft conduit
reports of vasospasm and “string signs” postoperatively
have dampened the enthusiasm for the vessel as a by-pass
graft. The dominance of alpha adrenergic receptors in this
conduit determines the robust contractive responses to cir-
culating catecholamines as well as to perioperatively admin-
istered adrenergic pressor agents commonly used in the
postoperative period. The current regimens used to counter-
act or prevent vasospasm in radial artery bypass conduits
(papaverine, lidocaine, nitroglycerin, calcium-channel
blockers) suffer either from a temporary effect limited to the
immediate operative period or from side effects in the case
of systemic administration of calcium-channel blockers. In
addition, calcium-channel blockers have not been particu-
larly effective in preventing postoperative vasospasm of
radial artery grafts.

[0054] The present examples of this invention demon-
strate that a time-period exposure treatment of from about 5
to about 60 minutes, and preferably for approximately 30
minutes, of the radial segments with low concentrations of
phenoxybenzamine in solution attenuates constrictor
responses to both norepinephrine and phenylephrine shortly
after treatment, with attenuation/minimization of adrenergi-
cally induced contraction for up to 48 hours after an approxi-
mate 30-minute treatment with phenoxybenzamine.

[0055] The alpha-adrenergic blocking agent may be solu-
bilized to reduce the incidence of angina and myocardial
infarction by attenuating (minimizing) spasticity and vasos-
pasm in the harvested and implanted blood vessel graft in an
ex-vivo method for the pretreatment and implantation or
transplantation (grafting) of blood vessel grafts, preferably
arterial grafts, in a patient undergoing vascular surgery. In
such a procedure, the blood vessel to be used as a graft or
transplant is harvested. If an artery is chosen as the graft, the
harvested artery may be selected from the group consisting
of internal mammary (thoracic) arteries, gastroepiploic
arteries, inferior epigastric arteries, radial arteries and any
other artery designated for a vascular conduit as known in
the art. The harvested artery may include the pedicle of the
artery or may be skeletonized (i.e. no pedicle). The pedicle
may optionally be modified by a fasciotomy or other surgical
procedure in order to permit an increased exposure of the
tissue of the aterial graft to the spasticity minimizing agent
pretreatment solution. The harvested blood vessel is then
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soaked for a period of time, approximately about 5 to about
60 minutes in a spasticity minimizing agent pretreatment
solution, for example a phenozybenzamine pretreatment
solution, containing phenozybenzamine, at least one vasodi-
lator agent and an anti-coagulating agent. The concentration
of the spasticity minimizing agent, for example phenoxy-
benzamine, in the spasticity minimizing agent pretreatment
solution ranges from about 107 M to about 107! M.

[0056] The spasticity minimizing agent pretreatment solu-
tion, for example the phenoxybenzamine pretreatment solu-
tion, may be alternatively injected intralumenally into either
the harvested artery, or a companion vein that may empty
into the harvested artery, as part of the soaking step. The
soaking step may also include placing the harvested blood
vessel, for example a harvested artery, and the spasticity
minimizing agent pretreatment solution, into an enclosure
capable of being sealed and pressurized, and subjecting the
so-enclosed harvested blood vessel in the spasticity mini-
mizing agent pretreatment solution to a pressure of about
0.01 to 100 mm Hg for a period of time to assist the
penetration of the pretreatment solution, such as the phe-
nozybenzamine pretreatment solution, into the harvested
blood vessel. Optionally, this pressurizing step may be
performed by clamping or otherwise closing one end of the
harvested artery, or companion vein that may empty into the
harvested artery, prior to being pressurized.

[0057] Alternatively, the alpha-adrenergic blocking agent
may be solubilized and used to reduce the incidence of
angina and myocardial infarction by attenuating spasticity
and vasospasm in the harvested and implanted arterial graft
through an in-vivo method utilizing the internal thoracic
artery as a conduit. The method employs the use of the
alpha-adrenergic blocking agent, such as phenoxyben-
zamine, whereby the alpha-adrenergic blocking agent is
solubilized in physiologic solution and infused into the
vascular conduit in vivo where one end of the conduit is
intentionally obstructed during the procedure to prevent exit
of the agent from the conduit into the systemic circulation.
See, for example, FIG. 2. Thus, the internal lumen of the
internal thoracic artery (one end of the harvested artery
conduit) is exposed to the phenoxybenzamine solution for a
period of time, usually from about 5 minutes to about 60
minutes while the internal thoracic artery is still attached to
the circulatory system of the patient. Following the exposure
to the phenoxybenzamine or other alpha-adrenergic solu-
tion, the internal thoracic artery graft/conduit can be flushed
with a physiologic solution and then prepared for attachment
to the blocked coronary artery in accordance with known
procedures. See, for example, FIG. 2. Blood flow to the
coronary circulation through the now attached internal tho-
racic artery graft/conduit is re-established with a minimum
of time between the harvesting of the internal thoracic artery
graft/conduit and implantation as compared to the prior-art
ex-vivo procedures.

[0058] The internal thoracic artery conduit, being arterial
in nature, is predisposed to vasospastic activity when
exposed to inotropic pressor agents such as epinephrine,
norepinephrine or other agents with alpha-adrenergic ago-
nist activity, when such agents are utilized to maintain blood
pressure during the perioperative period. Phenoxyben-
zamine, being an alpha-blocker, irreversibly binds to the
alpha-receptor thereby preventing its stimulation during use
of inotropic pressor agents during the perioperative period,
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after the conduit is attached to the blocked coronary artery
and blood flow through the coronary circulation to heart
muscle is re-established.

[0059] The internal thoracic artery lacks the greater degree
of vasospastic proclivity that is present in the radial artery
conduit. Because of the higher degree of muscularity of the
radial artery compared to the internal thoracic artery, the
radial artery conduit has a greater risk of vasospasm either
with or without the introduction of inotropic pressor agents
to maintain blood pressure during the perioperative period.
For this reason, radial artery use as a conduit for the
coronary artery bypass procedure was even abandoned for a
time.

[0060] With regard to the case of the internal thoracic
artery, the degree of proclivity for vasospasm becomes a
clinical issue only when inotropic pressor agents are used, as
this artery does not tend to vasospasm unless stimulated by
an exogenous pressor agent to do so. In the case of the radial
artery conduit, the artery tends to spasm spontaneously due
to its higher degree of muscularity and without the intro-
duction of inotropic pressor agents. For this reason, the
internal thoracic artery method is one of prevention of
angina and myocardial infarction in the coronary artery
bypass graft peri-operative period that may result from use
of exogenous inotropic pressor agents while the radial artery
method is one of treatment of the proclivity for spontaneous,
non-exogenously induced, vasospasm prior to coronary
artery bypass graft. The time difference between the two
methods, ex-vivo and in-vivo, as well as the differences
mentioned above, may often be critical when performing a
coronary bypass grafting procedure.

[0061] While the foregoing is directed to the preferred
embodiments of the present invention, other and further
embodiments of the invention may be devised without
departing from the basic scope thereof, and the scope thereof
is determined by the claims that follow.

[0062] Although the invention herein has been described
with reference to particular embodiments, it is to be under-
stood that these embodiments are merely illustrative of the
principles and applications of the present invention. It is
therefore to be understood that numerous modifications may
be made to the illustrative embodiments and that other
arrangements may be devised without departing from the
spirit and scope of the present invention as defined by the
appended claims.

1. A method for treating blood vessel grafts comprising:

harvesting a blood vessel suitable for use as coronary
artery graft;

forming a solution including a spasticity minimizing
agent;

combining the solution of a spasticity minimizing agent
with at least one vasodilator agent and an anti-coagu-
lating agent to form a spasticity minimizing agent
solution; and

soaking the harvested blood vessel in the spasticity mini-
mizing agent solution for a period of time sufficient to
reduce vasoconstriction in the graft induced by inotro-
pic agents for up to at least 48 hours.
2. The method of claim 1, wherein an amount of a
patient’s blood is added during the combining step.
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3. The method of claim 2, wherein a physiologic crystal-
loid buffer solution is added during the combining step.

4. The method of claim 3, further comprising removing
the harvested blood vessel from the spasticity minimizing
agent solution and implanting the harvested blood vessel as
an arterial graft into the patient.

5. A method for the pretreatment of coronary artery grafts
comprising:

harvesting an artery for use as an arterial graft;

forming a solution including a diluent and phenoxyben-
zamine;

combining the solution including phenoxybenzamine
with an amount of a patient’s blood, at least one
vasodilator agent, and an anti-coagulating agent to
form a phenoxybenzamine pretreatment solution;

soaking the harvested artery in the phenoxybenzamine
pretreatment solution for a period of time sufficient to
reduce vasoconstriction in the graft induced by inotro-
pic agents for up to at least 48 hours; and

removing the harvested artery from the phenoxyben-

zamine pretreatment solution.

6. The method of claim 5, wherein the diluent is selected
from the group consisting of normal saline and related
physiological solutions and buffer solutions.

7. The method of claim 5, wherein the harvesting of the
artery includes the artery and the surrounding pedicle of the
artery.

8. The method of claim 7, wherein the pedicle has been
modified to increase exposure of the arterial graft to the
phenoxybenzamine pretreatment solution.

9. The method of claim 8, wherein the pedicle is modified
by a fasciotomy.

10. The method of claim 5, wherein the harvesting of the
artery includes only the skeletonized portion of the artery.

11. The method of claim 5, wherein the harvested artery
is selected from the group consisting of internal mammary
arteries, gastroepiploic arteries, inferior epigastric arteries,
radial arteries and any other artery designated for a vascular
conduit.

12. The method of claim 11, wherein the harvested artery
is a radial artery.

13. The method of claim 5, wherein the concentration of
phenoxybenzamine in the phenoxybenzamine pretreatment
solution ranges from about 107° M to about 107 M.

14. The method of claim 5, wherein the concentration of
phenoxybenzamine in the phenoxybenzamine pretreatment
solution ranges from about 107 M to about 107! M.

15. The method of claim 5, wherein the time period in
which the harvested artery is soaked in the phenoxyben-
zamine pretreatment solution ranges from about 5 to about
60 minutes.

16. The method of claim 5, wherein the harvested artery
and the phenoxybenzamine pretreatment solution are placed
into an enclosure capable of being sealed and pressurized,
the enclosure is then scaled, and the enclosure is then
pressurized to a pressure of 0.01 to 100 mm Hg for a period
of time to assist the penetration of the phenoxybenzamine
pretreatment solution into the harvested artery.

17. The method of claim 16, wherein the time period in
which the harvested artery is soaked in the phenoxyben-
zamine pretreatment solution ranges from about 5 to about
60 minutes.
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18. The method of claim 5, wherein the soaking step
additionally comprises an intralumenal injection of the phe-
noxybenzamine pretreatment solution into the harvested
artery or a companion vein that may empty into the har-
vested artery.

19. The method of claim 18, wherein the harvested artery,
after the intralumenal injection of the phenoxybenzamine
pretreatment solution into the harvested artery or companion
vein that may empty into the harvested artery, is pressurized
to a pressure of 0.01 to 100 mm Hg for a period of time to
assist the penetration of the phenoxybenzamine pretreatment
solution into the harvested artery.

20. The method of claim 19, wherein the harvested artery,
after the intralumenal injection of the phenoxybenzamine
pretreatment solution into the harvested artery or companion
vein that may empty into the harvested artery, is clamped or
otherwise closed at least one end prior to being pressurized.

21. The method of claim 5, further comprising removing
the harvested artery from the phenoxybenzamine pretreat-
ment solution.

22. A method for the in-vivo pretreatment and implanta-
tion of an internal thoracic artery conduit in patients under-
going coronary bypass surgery comprising:

harvesting the internal thoracic artery for use as one end
of the conduit;

soaking the one end of the harvested artery conduit in a
phenoxybenzamine solution for a period of time; and

removing the one end of the harvested artery conduit from
the phenoxybenzamine solution and implanting the
harvested artery conduit as an arterial graft into the
patient.
23. A method of minimizing spasticity in a blood vessel
graft comprising:

providing the blood vessel graft by clamping a free end of
a patient’s internal thoracic artery at one end;

infusing a solution including an alpha-adrenergic block-
ing agent into the clamped internal thoracic artery and
soaking for a period of time;

flushing the solution containing the alpha-adrenergic
blocking agent from the internal thoracic artery; and

attaching the free end of the internal thoracic artery to a
blocked artery.

24. The method of claim 23, wherein the alpha-adrenergic
agent includes phenoxybenzamine.

25. The method of claim 24, wherein the solution further
includes a vasodilator and an anti-coagulating agent.

26. The method of claim 23, wherein the period of time
for soaking is between about 5 minutes and 60 minutes.

27. The method of claim 23, wherein the soaking time is
for a period of time sufficient to reduce vasoconstriction in
the graft induced by inotropic agents for up to at least 48
hours.

28. The method of claim 23, wherein the method is
effective to reduce the incidence of angina and/or myocar-
dial infarction in the patient.



