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(57) ABSTRACT 

Methods and kits for treating a cardiac arrhythmia using a 
platelet rich plasma (PRP) composition are provided. Any 
type of arrhythmia may be treated using the PRP composi 
tion. The PRP composition may comprise PRP developed 
using blood collected from a patient Suffering the cardiac 
arrhythmia. The PRP composition may be buffered to a physi 
ological pH and may include one or more anti-arrhythmic 
agents, anti-coagulants, or other drugs. The PRP composition 
may be delivered using a nebulizer, minimally invasively, or 
Surgically. In some embodiments, the PRP composition may 
be coated on one or more medical devices. The PRP compo 
sition may be delivered to an identified portion of the electri 
cal conduction system of the heart affected and/or causing the 
arrhythmia to occur. 
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USE OF PLATELETRICHPLASMA 
COMPOSITION IN THE TREATMENT OF 
CARDAC CONDUCTION ABNORMALITIES 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 This invention relates generally to treatment of car 
diac conditions and more specifically to treatment of a cardiac 
conduction abnormality (e.g., arrhythmia) using a composi 
tion comprising platelet rich plasma. 
0003 2. Description of the Related Art 
0004 Arrhythmias area common disorder where the regu 
lar electric pacemaker activity of the heart may be disturbed. 
The disturbance may be caused by a blockage, delay, or 
misfiring of the electrical conduction system of the heart that 
controls the contraction and relaxation of the cardiac muscle. 
Arrhythmias may vary in severity, from asymptomatic dis 
ease to Sudden cardiac death, and may lead to heart disease 
and stroke. According to the American Heart Association, 
about 2.2 million Americans suffer from atrial fibrillation, 
one type of arrhythmia. 
0005 To maintain regular, rhythmic beating, the heart 
comprises an electrical conduction system that controls the 
contraction of the cardiac muscle. FIG. 1 is a depiction of the 
electrical conduction system of a heart (100). In a normal 
rhythm, an impulse begins in the sino-atrial (SA) node (102) 
and is ultimately propagated to the myocardium to maintain 
blood flow through the heart. The SA node (102) is located 
adjacent to the right atrium (RA) and initiates an impulse. The 
impulse is then propagated to the left atrium (LA) via the 
intra-atrial pathway (104) and via the internodal pathways 
(106) to theatrioventricular (AV) node (108). This first propa 
gation causes theatria to contract so that the blood flows from 
theatria into the ventricles. After a delay at the AV node (108), 
the impulse propagates to the left ventricle (LV) and the right 
ventricle (RV) through the Bundle of His (110) to the left 
bundle branches (112) and the right bundle branches (114). 
The ventricles contract when the impulse reaches the 
Purkinje fibers (116). In a medical setting, this sequence may 
be measured in an electrocardiogram (ECG or EKG) that 
records the electrical activity of the heart over time and may 
be recognized as a PQRST-wave. 
0006 Any disturbance in the electrical conduction of the 
heart may be typically considered to be an arrhythmia. 
Arrhythmias may be acute, chronic, and/or a combination of 
various arrhythmias. Disturbances in electrical conduction 
may classified by rate, mechanism, and/or site of origin. The 
mechanisms that may cause an arrhythmia include, for 
example, pre-excitation (e.g. from a bypass tract), automatic 
ity, reentry, and triggered activity. The site of origin of the 
arrhythmia may be anywhere in the electrical conduction 
system and may be, for example, atrial, junctional, atrio 
Ventricular, and/or ventricular. 
0007 Arrhythmias may result in irregular rhythms, 
reduced heart rates (bradycardia), accelerated heart rates (ta 
chycardia), or desynchronized heart muscle contractions 
which may reduce the mechanical function of the heart. For 
example, atrio-ventricular dyssynchrony, may cause the loss 
of the “atrial kick” which facilitates ventricular filling, or 
result in an atrium contracting against a closed atrio-ventricu 
lar valve. Ventricular dyssynchrony, where the left and right 
Ventricles contract at different times, may reduce contractile 
efficiency when one ventricle is contracting while the other 
Ventricle is relaxed, and may result in interventricular septal 
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displacement that reduces the net forward blood flow of the 
ventricle. In still another example, atrial fibrillation results in 
a disorganized quivering of the atrial muscle and a loss of 
forward flow, which may predispose the patient to blood clot 
formation and a higher risk of stroke. 
0008 Arrhythmias may be treated in several ways, includ 
ing, for example, physical maneuvers, anti-arrhythmic 
agents, other drugs, electrical pacing, radiofrequency abla 
tion, and/or cryo-cautery. The treatment is typically selected 
based on a diagnosis that identifies the rate, site, and/or 
mechanism of the arrhythmia(s) to be treated. While some 
treatments may relieve Some arrhythmias, the same treat 
ments may aggravate or have no effect on other arrhythmias. 
For example, a physical maneuver Such as a Valsalva maneu 
Ver or carotid sinus massage may be used to treat a Superven 
tricular tachycardia, but may not affect a ventricular tachy 
cardia or a bradycardia. 
0009 Drug treatments that may be used to treat arrhyth 
mias may have undesirable side effects and/or may be 
required for months if not years in order to maintain a regular 
heart rate. Indeed, some anti-arrhythmic agents even predis 
pose a patient to an increased risk of certain arrhythmias. 
Hemodynamically unstable patients Suffering an acute 
arrhythmia may be treated with electrical shocks using an 
automatic external defibrillator (AED) or manual defibrilla 
tor, but electrical shocks are not always successful in ending 
an arrhythmia and may cause significant discomfort or even 
burn the skin. Patients with a chronic arrhythmia may be 
treated with implantable cardiac rhythm management devices 
such as a pacemaker and/or defibrillator. However, these 
devices are subject to malfunction and may be difficult to 
implant in certain patients. Ablation of abnormal conduction 
pathways, or the formation of scartissue to control the propa 
gation of electrical activity. Such as the Maze procedure used 
for atrial fibrillation, also requires invasive procedures and 
may only be effective in treating a narrow range of arrhyth 
mias and while also increasing the patient’s arrhythmia risk 
during the procedure or Surgery. 
0010. As such, additional treatments for arrhythmias are 
desirable. Kits for treating arrhythmias are also desirable. 

SUMMARY 

0011 Methods for treating cardiac conduction abnormali 
ties (e.g., arrhythmias) are provided. Generally, the methods 
may include identifying a patient with a cardiac arrhythmia or 
an arrhythmia risk and delivering a platelet rich plasma (PRP) 
composition comprising PRP to treat the cardiac conduction 
abnormality. The cardiac conduction abnormality may be 
determined based on an abnormal heartbeat, an electrocar 
diogram (ECG), electrophysiology study or by any other 
suitable mechanism. The functional effect of the conduction 
abnormality may also be assessed using electrocardiography, 
echocardiography, cardiac catheterization, cardiac magnetic 
resonance imaging, or cardiac nuclear medicine imaging. The 
cardiac abnormality or a heightened risk of a cardiac abnor 
mality may be documented in, for example, a medical history, 
test results, patient file, procedure log, or other electronic or 
paper record. The PRP composition may be delivered to 
cardiac tissue in an amount Sufficient to treat the conduction 
abnormality. For example, the amount may be about one to 
about three cubic centimeters, about three to about five cubic 
centimeters, about five to about seven cubic centimeters, or 
seven or more cubic centimeters. The PRP composition may 
comprise a platelet rich plasma, a buffering agent, and/or an 
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anti-arrhythmic agent. In some examples, the PRP composi 
tion may be injected into the heart muscle or infused into one 
or more regions of the cardiac vasculature. The injection or 
infusion may be performed in a translumenal access proce 
dure, a thorascopic procedure, an open chest procedure or any 
other access procedure. 
0012. The cardiac conduction abnormality may be associ 
ated with any of a variety of cardiac arrhythmias or arrhyth 
mia risks. In some variations, the arrhythmia may be abrady 
cardia or a tachycardia, Such as a ventricular tachycardia, for 
example. The arrhythmia may be caused at least in part by 
triggered activity, pre-excitation, automaticity, reentry, or by 
another mechanism, or a combination of mechanisms. The 
arrhythmia may be chronic, acute, or episodic. The arrhyth 
mia may be diagnosed using an electrocardiogram generated 
by an electrocardiograph, a Holter monitor, or a cardiac event 
monitor. 
0013. In some variations, the PRP composition may be 
prepared from whole blood of the patient. The whole blood 
may be drawn prior to the arrhythmia or during the conduc 
tion abnormality. The PRP composition may be buffered to 
any Suitable pH. In some examples, the Suitable pH may be a 
physiological pH between about 7.3 and about 7.5. 
0014. The PRP composition may be delivered using any 
suitable medical procedure. For example, the PRP may be 
delivered using a minimally invasive procedure oran open or 
limited access surgical procedure. For example, a PRP com 
position may be delivered to, or adjacent to, a Sino-atrial (SA) 
node, an atrio-ventricular (AV) node, Purkinje fibers, or 
another Suitable region of the heart using a catheter config 
ured to inject the PRP composition directly into the tissue, or 
configured to selectively infuse branches of the cardiac vas 
culature perfusing the tissue corresponding to the conduction 
system target site (or ischemic area of the myocardium). 
Systemic treatment with PRP is also contemplated, including 
peripheral infusion as well as an inhalable PRP composition. 
0015 The PRP composition may be used to treat a patient 
who may be presently exhibiting an arrhythmia, or a patient 
with an intermittent arrhythmia or at-risk of an arrhythmia but 
without overt rate or conduction disturbance at the time of 
PRP treatment. For example, a patient with Wolff-Parkinson 
White syndrome may be treated using the PRP composition 
even if the heart is not tachycardic at the time of treatment. 
Further, the PRP composition may be administered at any 
Suitable time during or following an acute arrhythmia. To 
illustrate, the PRP composition may be delivered within 
about one minute, about five minutes, about fifteen minutes, 
about thirty minutes, about one hour, several hours, days, or 
weeks following the acute arrhythmia. 
0016. The PRP composition may comprise PRP alone or 
PRP with one or more additional agents, and may be prepared 
in any suitable way. For example, the PRP composition may 
be prepared by adding an anti-arrhythmic agent to PRP. The 
anti-arrhythmic agent may be, but is not limited to, a sodium 
channel blocker, a beta blocker, a potassium channel blocker, 
a calcium channel blocker, or any other Suitable anti-arrhyth 
mic agent. The PRP composition may also comprise other 
Suitable active agents such as anti-coagulants or clotting 
agents. 
0017. The methods may further comprise monitoring the 
cardiac conduction abnormality before, during, and/or after 
delivering the PRP composition. The monitoring may be 
initiated after the delivery by, for example, attaching a Holter 
monitor (or event monitor) to the patient. 
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0018 Kits for treating the arrhythmia are also provided. 
The kits may include any suitable components. For example, 
a kit may comprise one or more preparation devices for pre 
paring the PRP (e.g., a centrifuge) and one or more delivery 
devices configured to deliver a PRP composition to conduc 
tion tissue of a heart. The kit may also comprise one or more 
anti-arrhythmic agents. 
0019. The kits may further comprise one or more collec 
tion devices for collecting blood from a patient. The blood 
may be collected from a patient that has suffered or may be 
Suffering from a cardiac conduction abnormality. In some 
embodiments, the blood may be collected from a patient who 
is Suffering a myocardial infarction that may, in turn, increase 
the patient's risk of arrhythmia. The kit may additionally 
comprise instructions for using one or more of the kit com 
ponents. 
0020 Embodiments of the invention are directed to meth 
ods of reducing conduction resistance to an electrical stimu 
lation device designed to maintain cardiac rhythm by deliv 
ering a composition containing platelet rich plasma to an area 
of cardiac tissue, in which the electrical stimulation device is 
operably coupled to cardiac tissue. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 FIG. 1 is a schematic depiction of the electrical 
conduction system of a heart. 
0022 FIG. 2 is a schematic illustration of the cardiac 
vasculature. 
0023 FIG. 3 shows Left Ventricle ejection fraction by 
MRI 3 weeks after heart attack in mouse ischemia-reperfu 
sion model. 
0024 FIGS. 4a-4d show an electrocardiogram and ven 
tricular pressure levels of a test subject before and after treat 
ment of a reperfusion arrhythmia with PRP. 

DETAILED DESCRIPTION 

Overview 
(0025. The term “arrhythmia' is used broadly herein to 
refer to cardiac abnormalities involving a disturbance in ini 
tialization and/or propagation of the impulses in a heart. As 
discussed above, the disturbance may be localized to a por 
tion of the conduction tissues and/or may affect the entire 
electrical conduction system of the heart. There are several 
possible types of arrhythmias of varying severity. 
0026. As mentioned previously, an arrhythmia may be 
initially detected in a patient as an abnormally fast (i.e., 
tachycardia) or slow (i.e., bradycardia) heartbeat. Further 
more, some arrhythmias or conduction patterns may be char 
acterized as regular, irregularly irregular (e.g., atrial fibrilla 
tion) or regularly irregular (e.g., Wenckebach or second 
degree heartblock type 1). The specific type of arrhythmia 
from which a patient may be suffering may be diagnosed 
based on an electrocardiogram (ECG or EKG). A normal 
electrocardiogram, as is known, depicts a PQRST-wave. The 
specific arrhythmia may be diagnosed based on one or more 
deviations from a normal PQRST-wave. 
0027. The term “PRP as used herein is a broad term 
which is used in its ordinary sense and is a concentration of 
platelets greater than the peripheral blood concentration Sus 
pended in a solution of plasma. While normal platelet counts 
may range from about 140,000 to about 400,000 per micro 
liter, some platelet concentrations of PRP may be in the range 
of about 500,000 to about 1,200,000 per cubic millimeter or 
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more, and some platelet concentrations may be as low as 
50,000 per cubic millimeter. PRP may beformed from whole 
blood, and may be obtained using autologous, allogenic, or 
pooled sources of platelets and/or plasma. PRP may be 
formed from a variety of animal sources, including human 
sources. In some examples, PRP may be further processed, 
including but not limited to leukoreduction and immunoad 
sorbtion. Other PRP compositions are further described in 
U.S. Pat. No. 6,811,777 to Mishra filed Apr. 11, 2003, which 
is hereby incorporated herein by reference in its entirety. 
0028. Various methods for delivering a PRP composition 
into conduction tissues of the heart to treat an arrhythmia are 
disclosed. In various embodiments, the composition may be 
delivered to the conduction tissues, the region of tissue 
directly adjacent to the conduction tissue, and/or healthy tis 
sue. The PRP composition may comprise a platelet gel, or 
flowable material or liquid, other substances described 
herein, or any Substance Suitable for providing the desired 
level of treatment of the conduction tissues. 
0029. The PRP composition may be delivered to a patient 
in an emergency situation or as part of an elective procedure. 
For example, the PRP composition may be delivered in an 
emergency room to treat a Ventricular tachycardia. In other 
instances, the PRP composition may be delivered weeks after 
an arrhythmia during an elective cardioversion. 
0030. In the treatment of cardiac conditions, the area 
known as “Koch’s Triangle' (where a significant portion of 
the conduction tissues, including the AV node, is located) is 
typically avoided or treated with special care during cardiac 
Surgery. Koch’s Triangle is a portion of the right atrium 
defined generally by the coronary sinus, Todaro's tendon, the 
limbus ovalis, and the annulus of the tricuspid valve. 
0031. The PRP composition may be useful in treating 
arrhythmias that cause, or are caused by, a myocardial infarc 
tion. The myocardial infarction may be identified by deter 
mining whether enzymes such as cardiac troponin (e.g., 
troponin-I or T), creatine kinase (CK) including CK-MB, 
aspartate transminase (AST)/Glutamic Oxaloacetic Tran 
saminase (GOT/SGOT)/aspartate aminotransferase (ASAT), 
lactate dehydrogenase (LDH), and/or myoglobin (Mb), and/ 
or the like are present in the blood stream. The PRP compo 
sitions described herein may be delivered in the absence of 
the enzymes. Myocardial infarctions may be determined by 
identifying STelevation in an ECG (e.g., during rest, a phar 
macological stress test, and/or a physiological stress test), by 
coronary angiogram (e.g., noting acute closure of a vessel 
Supplying myocardium at risk), by a nuclear medicine Scan 
(e.g., technetium-99m or thalium-201), etc. 
0032. Further, according to some embodiments, the PRP 
composition may comprise 
0033 PRP and one or more active agents. For example, the 
active agents may include anti-arrhythmic agents and/oranti 
coagulants. 
0034. The compositions, devices, methods, and kits 
described herein are illustrative of various embodiments, 
variations, and adaptations. The disclosure is not intended to 
be limited to only the embodiments described. 

Compositions 

0035. The PRP composition may comprise a PRP derived 
from a human or animal source of whole blood. The PRP may 
be prepared from an autologous source, an allogenic source, 
a single source, or a pooled source of platelets and/or plasma. 
To derive the PRP, whole blood may be collected, for 
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example, using a blood collection Syringe. The amount of 
blood collected may depend on a number of factors, includ 
ing, for example, the amount of PRP desired, the health of the 
patient, the severity or type of the arrhythmia, the availability 
of prepared PRP, or any suitable combination of factors. Any 
suitable amount of blood may be collected. For example, 
about 20 cc to about 150 cc of blood may be drawn. More 
specifically, about 27 cc to about 110 cc or about 27 cc to 
about 55 cc of blood may be withdrawn. In some embodi 
ments, the blood may be collected from a patient who may be 
presently Suffering, or who has previously suffered from, a 
cardiac arrhythmia. PRP made from a patient’s own blood 
may significantly reduce the risk of adverse reactions or 
infection. 
0036. The PRP may be prepared in any suitable way. For 
example, the PRP may be prepared from whole blood using a 
centrifuge. The whole blood may or may not be cooled after 
being collected. Isolation of platelets from whole blood 
depends upon the density difference between platelets and 
red blood cells. The platelets and white blood cells are con 
centrated in the layer (i.e., the “buffy coat) between the 
platelet depleted plasma (top layer) and red blood cells (bot 
tom layer). For example, a bottom buoy and atop buoy may be 
used to trap the platelet-rich layer between the upper and 
lower phase. This platelet-rich layer may then be withdrawn 
using a Syringe or pipette. Generally, at least 60% or at least 
80% of the available platelets within the blood sample can be 
captured. These platelets may be resuspended in a Volume 
that may be about 3% to about 20% or about 5% to about 10% 
of the sample Volume. 
0037. In an exemplary embodiment, about 55 cc of blood 
may be withdrawn into a 60 cc syringe (or another suitable 
Syringe) that contains about 5 cc of an anticoagulant. Such as 
a citrate dextrose solution. The Syringe may be attached to an 
apheresis needle, and primed with the anticoagulant. Blood 
(about 27 cc to about 55 cc) may be drawn from the patient 
using standard aseptic practice. In some embodiments, a local 
anesthetic Such as anbeSol, benzocaine, lidocaine, procaine, 
bupivicaine, or any appropriate anesthetic known in the art 
may be used to anesthetize the insertion area. 
0038. In some examples, the blood may then be centri 
fuged using a gravitational platelet system, such as the Cell 
Factor Technologies GPS SystemR) centrifuge. The blood 
filled syringe containing between about 20 cc to about 150 cc 
of blood (e.g., about 55 cc of blood) and about 5 cc citrate 
dextrose may be slowly transferred to a disposable separation 
tube which may be loaded into a port on the GPS centrifuge. 
The sample may be capped and placed into the centrifuge. 
The centrifuge may be counterbalanced with about 60 cc 
sterile Saline, placed into the opposite side of the centrifuge. 
Alternatively, if two samples are prepared, two GPS dispos 
able tubes may be filled with equal amounts of blood and 
citrate dextrose. The samples may then be spun to separate 
platelets from blood and plasma. The samples may be spun at 
about 2000 rpm to about 5000 rpm for about 5 minutes to 
about 30 minutes. For example, centrifugation may be per 
formed at 3200 rpm for extraction from a side of the separa 
tion tube and then isolated platelets may be suspended in 
about 3 cc to about 5 cc of plasma by agitation. The PRP may 
then be extracted from a side port using, for example, a 10 cc 
syringe. If about 55 cc of blood may be collected from a 
patient, about 5 cc of PRP may be obtained. 
0039. The PRP composition may be delivered to help 
facilitate proper conduction. For example, the PRP composi 
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tion may excite, slow or stabilize conduction pathways or 
various foci in the heart, or facilitate development of conduc 
tion pathways. For example, in the case of a blocked AV node, 
the PRP composition may provide an auxiliary conduction 
pathway and/or allow the existing (blocked) pathway to heal. 
In contrast, if the conduction tissue is spontaneously firing, 
the PRP composition may facilitate non-conductive tissue 
growth that does not propagate errant impulses. 
0040. As the PRP composition comprises activated plate 

lets, active agents within the platelets are released. These 
agents include, but are not limited to, cytokines (e.g., IL-1B. 
IL-6, TNF-A), chemokines (e.g., ENA-78 (CXCL5), IL-8 
(CXCL8), MCP-3 (CCL7), MIP-1A (CCL3), NAP-2 
(CXCL7), PF4 (CXCL4), RANTES (CCL5)), inflammatory 
mediators (e.g., PGE2), and growth factors (e.g., 
Angiopoitin-1, bFGF, EGF, FGF, HGF, IGF-I, IGF-II, PDAF, 
PDEGF, PDGF AA and BB, TGF-beta. 1, 2, and 3, and 
VEGF). 
0041. The PRP composition may be delivered as a liquid, 
a Solid, a semi-solid (ex., a gel.), an inhalable powder, or some 
combination thereof. When the PRP is delivered as a liquid, it 
may comprise a solution, an emulsion, a Suspension, etc. A 
PRP semi-solid or gel may be prepared by adding a clotting 
agent (e.g., thrombin) to the PRP. The gel may be more 
viscous than a solution and therefore may better preserve its 
position once it is delivered to target tissue. Further, the PRP 
may be dried to form an inhalable powder. 
0042. In some instances, it may be desirable to deliver the 
PRP composition as a liquid and have it gel or harden in situ. 
For example, the PRP compositions may include, for 
example, collagen, cyanoacrylate, adhesives that cure upon 
injection into tissue, liquids that solidify or gel after injection 
into tissue, Suture material, agar, gelatin, light-activated den 
tal composite, other dental composites, silk-elastin polymers, 
Matrigel R gelatinous protein mixture (BD Biosciences), 
hydrogels and/or other suitable biopolymers. Alternatively, 
the above mentioned agents need not form part of the PRP 
mixture. For example, the above mentioned agents may be 
delivered to the target tissue after the PRP has been delivered 
to the target tissue to cause the PRP to gel. In some embodi 
ments, the PRP composition may harden or gel in response to 
one or more environmental or chemical factors such as tem 
perature, pH, proteins, etc. 
0043. The PRP may be buffered using an alkaline buffer 
ing agent to a physiological pH. The buffering agent may be 
a biocompatible buffer such as HEPES, TRIS, monobasic 
phosphate, monobasic bicarbonate, or any suitable combina 
tion thereof that may be capable of adjusting the PRP to 
physiological pH between about 6.5 and about 8.0. In certain 
embodiments, the physiological pH may be from about 7.3 to 
about 7.5, and may be about 7.4. For example, the buffering 
agent may be an 8.4% sodium bicarbonate solution. In these 
embodiments, for each cc of PRP isolated from whole blood, 
0.05 cc of 8.4% sodium bicarbonate may be added. In some 
embodiments, the Syringe may be gently shaken to mix the 
PRP and bicarbonate. 

0044 As noted above, the PRP composition may comprise 
one or more additional agents, diluents, solvents, or other 
ingredients. Examples of the additional agents include, but 
are not limited to, thrombin, epinephrine, collagen, calcium 
salts, pH adjusting agents, materials to promote degranula 
tion or preserve platelets, additional growth factors or growth 
factor inhibitors, NSAIDS, steroids, anti-infective agents, 
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and mixtures and combinations of the foregoing. In some 
variations, the PRP composition comprises one or more anti 
arrhythmic agents. 
0045 Generally, anti-arrhythmic agents may be classified 
using the Vaughan Williams classification. In the Vaughan 
Williams classification, Class I drugs operate by interfering 
with the sodium (Na+) channel and include, for example, 
quinidine, procainamide, disopyramide, lidocaine, pheny 
toin, mexiletine, tocainide, encainide, flecainide, indecain 
ide, propafenone, and moricizine. Class II agents are beta 
blockers and include, for example, propranolol, esmolol. 
timolol, metoprolol, Sotalol, and atenolol. Class III agents 
affect potassium (K+) efflux and include bretylium, amio 
darone, so talol, ibutilide, and dofetilide. Class IV agents 
affect calcium channels and the AV node and include, for 
example, Verapamil and diltiazem. Class V agents work by 
other or unknown mechanisms and include, for example, 
moricizine, digoxin, and adenosine. Any suitable anti-ar 
rhythmic drug and/or combination thereof may be added to 
the PRP composition. The specific formulation used may be 
determined based on, for example, the type of arrhythmia, 
patient history, drug interactions, or any other Suitable factor. 
0046. Furthermore, the PRP compositions may comprise a 
contrast agent for detection by an imaging technique Such as 
X-rays, magnetic resonance imaging (MRI), or ultrasound. 
Examples of Such contrast agents include, but are not limited 
to, X-ray contrast (e.g., IsoVue). MRI contrast (e.g., gado 
linium), and ultrasound contrast. 
0047. In some embodiments, as discussed above, the anti 
arrhythmic agent may be delivered to the patient mixed into 
the PRP composition. Additionally or alternatively, the anti 
arrhythmic agents may be delivered separately to the electri 
cal conduction system or other tissues of the heart. The anti 
arrhythmic agent may be delivered via catheter prior to, 
simultaneously with, or subsequently to the PRP composi 
tion. Any Suitable doses of the anti-arrhythmic agent may be 
delivered at any suitable intervals. Where one or more doses 
of an anti-arrhythmic agent or a combination thereof, the 
doses may be the same or may vary in terms of the agent 
selected and/or the amount of agent delivered. Some doses 
may include the PRP composition while others may not. 
0048. It should be understood that any suitable amount, 
mixture, and/or concentration of anti-arrhythmic agents may 
be added to the PRP. The timing, amount, mixture, and/or 
concentration of the PRP composition may be determined 
based on one or more patient characteristics, the type, and/or 
severity of the arrhythmia being treated, and/or any other 
suitable factor. The anti-arrhythmic agents may be delivered 
to the patient prior to, simultaneously with, and/or Subse 
quently to delivery of the PRP. In some embodiments, one or 
more anti-arrhythmic agents may be mixed or otherwise com 
bined with the PRP prior to delivery. 

Devices and Methods 

0049. In some procedures, a PRP composition may be 
used as a non-specific arrhythmia treatment or arrhythmia 
prophylaxis. Thus, the specific type and/or location of the 
arrhythmia may or may not be identified prior to delivery of 
the PRP composition to the patient. For example, it may be 
enough to simply determine that the patient has suffered 
from, or is currently suffering from, an arrhythmia. Thus, an 
ECG is not always required in order to deliver the PRP. Of 
course, use of an ECG may be beneficial in certain circum 
stances. For example, the amount of PRP composition pre 
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pared and used may vary, based upon the type of arrhythmia. 
In some variations, whole blood is withdrawn prior to record 
ing an ECG to begin preparation of the PRP composition. The 
ECG may then be used to determine an appropriate delivery 
mechanism simultaneously with the preparation of the PRP 
composition. 
0050. In some variations, the PRP composition is injected 
into a heart after the location, type, and severity of the arrhyth 
mia (or some fraction thereof) has been identified. In certain 
instances, it may be helpful to identify one or more discrete 
locations within the heart to deliver the PRP composition in 
order to increase the likelihood that the treatment will be 
effective. For example, to treat an arrhythmia identified as an 
atrial fibrillation, it may be helpful to deliver the PRP com 
position to the SA node. Similarly, if the arrhythmia may be 
identified as a ventricular tachycardia, it may be desirable to 
deliver the PRP composition to the AV node. 
0051. The location of the conductive tissue dysfunction 
may be determined or approximated using various tech 
niques. For example, in some variations, diagnostic proce 
dures such as an electrophysiology study or an electrical 
mapping study of the heart may be used. In other variations, 
one or more imaging technologies Such as MRI, X-ray, CT 
scan, Positron Emission tomography (PET), Single Photon 
Emission Computed Tomography (SPECT), Electrical 
Impedance Tomography (EIT), Electrical Source Imaging 
(ESI), Magnetic Source Imaging (MSI), laser optical imaging 
and ultrasound techniques may be used. Other technologies 
and approaches that may be used include visual inspection 
during open chest Surgical procedures, localized blood flow 
determinations, local electrical and structural activity, 
nuclear cardiology, echocardiography, echocardiographic 
stress test, coronary angiography, magnetic resonance imag 
ing (MRI), computerized tomography (CT) scans, and ven 
triculography. 
0052 PRP compositions that are formulated as gels or 
other viscous fluids may be difficult to deliver via a needle or 
Syringe. Thus, in variations where the use of a needle or 
Syringe is desirable, it may be desirable to add agelling and/or 
hardening agent to the PRP composition in situ. One or more 
needles or catheters may be configured to deliver the PRP 
composition and/or the agent simultaneously, or Substantially 
simultaneously, to the cardiac tissue. For example, if a needle 
is used to deliver the PRP composition, the needle may com 
prise a plurality of lumens through which the PRP composi 
tion and the agent separately travel. Alternatively or addition 
ally, separate needles may be used to deliver the components 
to the tissue at the same time or one after the other. 
0053. The PRP composition may be delivered minimally 
invasively and/or surgically. For example, the PRP composi 
tion may be delivered to the heart using a catheter inserted 
into the patient via the femoral vein or artery, the internal 
jugular vein or artery, or any other Suitable vein or artery. The 
PRP composition may be delivered along with one or more 
medical devices, instruments, or agents to treat the arrhyth 
mia and/or other cardiac conditions. 

0054) To deliver a PRP composition to the conduction 
system, a physician may use one of a variety of access tech 
niques. These include Surgical (e.g., Sternotomy, thorac 
otomy, mini-thoracotomy, Sub-Xiphoidal) approaches, endo 
scopic approaches (e.g. intercostal and transXiphoidal) and 
percutaneous (e.g., transvascular, endocardial, and pericar 
dial) approaches. Once access has been obtained, the compo 
sition may be delivered via epicardial, endocardial, or trans 
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vascular approaches. The composition may be delivered to 
the cardiac wall tissue or cardiac vessels in one or more 
locations. This includes intra-myocardial, Sub-endocardial, 
and/or Sub-epicardial administration. 
0055. Upon gaining access to the conduction tissues of the 
heart, the delivery device may be inserted through any appro 
priate vessel. The distal end of the delivery device may be 
then placed against the Surface of the conduction tissues and 
one or more needles may be advanced into tissue. Following 
delivery of one or more components of the PRP composition, 
the needles, if any, may be retracted. The delivery device may 
then be repositioned for additional delivery of one or more 
components of the composition or may be removed from the 
patient. Incisions may then be closed using standard tech 
niques. 
0056. In practice, the beating heart may be stabilized dur 
ing the delivery of the PRP composition. For example, in 
Some variations, the beating heart may be slowed or stopped 
by delivery of one or more drugs and/or by electrical stimu 
lation of the heart. For example, a heart may be stabilized 
using pharmacologic asystole. Alternatively or additionally, a 
heart may be stabilized using pacing or other algorithms that 
render the heart fairly static. These procedures may initiate 
various cardiac states such as reversible initiation of asystole, 
fibrillation, or a prolonged refractory state. In still other 
embodiments, mechanical stabilization of the cardiac tissue 
may be achieved using any of a variety of mechanical stabi 
lizing systems. In some examples, a combination of Stabiliz 
ing procedures may be used. 
0057 The PRP composition may be delivered during a 
specific portion of the cardiac cycle, and in these variations, 
the use of one or more stimulation electrodes to act as a 
pacemaker during the delivery may be desirable. For 
example, the beat-to-beat period may be artificially length 
ened so as to deliver the PRP composition during a specific 
phase of the cardiac cycle. In these variations, the delivery 
device may include one or more stimulation and/or sensing 
electrodes. For example, sensing electrodes may be used to 
sense contractions of the heart, thereby allowing the delivery 
of composition to be timed with cardiac contractions. It may 
be desirable to deliver one or more components of the PRP 
composition between contractions of the heart. 
0058. In some examples, one or more cardiac sensors may 
be used during the treatment procedures. The sensors may be 
any Suitable sensor system (e.g., an electrical sensor, a chemi 
cal sensor, a pressure sensor, an intravascular imaging sensor, 
or a biosensor) capable of detecting one or more signals 
indicative of a cardiac contraction or heartbeat. A cardiac 
sensor may be used to monitor the electrical activity of the 
heart by picking up and amplifying electrical signals from the 
heart and displaying a visual output and/or providing an audio 
output. For example, the output may be displayed on a display 
interface. The physician may use this output to inject the 
needles and/or composition into the tissue at a specific point 
in the cardiac cycle. The cardiac sensor may be coupled to a 
cardiac stimulator to manipulate or control the cardiac 
rhythm. 
0059. In some variations, a nerve stimulator may be used 
to electrically manipulate cardiac rhythm by stimulating the 
vagus nerve. Vagal stimulation may produce asystole (slow 
ing or stopping of the heart). Once the Vagal stimulation is 
stopped, the heart may return to a normal rhythm. Alterna 
tively, the heart may be paced. Vagal stimulation, alone or in 
combination with electrical pacing, may be used selectively 



US 2010/01 12081 A1 

and intermittently to allow a physician to perform delivery of 
one or more components of the composition into a tempo 
rarily stopped heart. 
0060 Typically, vagal stimulation may slow or even pre 
vent the heart from contracting. Following initial slowing or 
stopping of the heart, one or more components of the PRP 
composition may be delivered to the heart. Following a brief 
interval of nervestimulation while the delivery may be per 
formed, nervestimulation may be ceased and the heart may be 
allowed to contract. A cardiac stimulator or pacemaker may 
be used to cause the heart to contract or the heart may be free 
to beat on its own. In some variations, one or more electrodes 
may be used for pacing the heart as desired. A processor may 
control both cardiac and nerve stimulation. For example, a 
processor may cease nerve stimulation and automatically 
begin cardiac stimulation. 
0061 The delivery system may deliver the components of 
the PRP composition in a prescribed ratio (e.g., a ratio of the 
PRP to the anti-arrhythmic agent). The prescribed ratio may 
be calculated beforehand or determined on an ad hoc basis 
once delivery begins. To deliver the components in the pre 
scribed ratio, the delivery device may include one or more 
gears having a corresponding gear ratio, one or more lumens 
having a proportional lumen size, or any other Suitable 
mechanism. Some delivery devices may include one or more 
mixing chambers. The multiple components may be deliv 
ered using separate delivery devices or may be delivered one 
after the other using the same delivery device. 
0062. The delivery devices may be advanced through a 
vessel adjacent to the conduction tissues to be treated. The 
PRP composition may be injected directly into the conductive 
tissue using a needle and/or a needle-tip catheter. The PRP 
composition may alternatively or additionally be infused into 
the vessel. 

0063. When the PRP compositions are delivered using one 
or more catheters, any suitable catheter may be used. For 
example, the catheters may include one or more lumens and 
staggered or flush tips. The catheters may include needles or 
other devices (e.g., imaging devices) located at the distal end, 
and plungers or any other control located at the proximal end. 
The catheters and/or other delivery devices may have differ 
ently sized lumens to deliver multiple components of the PRP 
composition in the prescribed ratio. When catheters are used, 
a physician may navigate to the heart using one of the routes 
known for accessing the heart through the vasculature, 
including but not limited to navigation to a heart chamber for 
epicardial, endocardial, and/or transvascular delivery of the 
PRP composition. 
0064 Endocardial delivery of the PRP composition may 
comprise accessing a treatment site, for example, in the left 
Ventricle of a heart, using a delivery device advanced percu 
taneously in an anterograde approach through the Superior 
vena cava or inferior vena cava into the right ventricle. The 
delivery device may be passed through the interatrial septum 
into the left atrium and then into the left ventricle to reach 
treatment site. Alternatively, the device may be advanced 
using a transseptal procedure, e.g., through the intraventricu 
lar septum into the left ventricle. In another embodiment, the 
PRP composition may be injected directly into the interven 
tricular septum from the right ventricle. An alternative 
endocardial delivery method may comprise accessing the 
treatment site using a delivery device advanced percutane 
ously in a retrograde approach through the aorta into the left 
atrium and then into the left ventricle. 
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0065 Transvascular delivery of compositions may com 
prise passing the delivery device through the coronary sinus 
into the cardiac venous system via the cardiac veins and, if 
needed, leaving the veins by tracking through myocardial 
tissue. An alternative transvascular delivery method com 
prises accessing a treatment site through the aorta into a 
coronary artery to reach treatment site. 
0066. The devices for injecting or delivering the PRP com 
positions (catheter or otherwise) may include cooled parts or 
other temperature control mechanisms to keep the PRP com 
position at a desired temperature. Various embodiments of 
delivery devices may include a cooled chamber, and/or an 
agitator mechanism in a PRP chamber or injection chamberto 
prevent settling or clumping of the PRP components. For 
example, in Some variations, the catheter or other delivery 
device has a cooled lumen or lumens for keeping the PRP 
composition cool during delivery. The delivery devices may 
additionally or alternatively include a mixing chamber for 
mixing the PRP composition prior to delivery. The PRP com 
position may also be stored in an agitating/vibrating chamber, 
or the physician may agitate the PRP composition once inside 
the delivery device by tilting or otherwise manipulating the 
device. 
0067. A practitioner may make multiple deliveries into 
various locations using a single device, make multiple deliv 
eries into various locations using multiple devices, make a 
single delivery to a single location using a single device, or 
make a single delivery to a single location using multiple 
devices. The deliver devices may include at least one reusable 
needle or catheter. Some embodiments may include delivery 
devices having an automated dosing system (e.g., a syringe 
advancing system). The automated dosing system may allow 
each dose to be pre-determined and dialed in (may be variable 
or fixed). In some embodiments, aniontophoresis device may 
be used to deliver the PRP composition into the conductive 
tissue. 
0068. The PRP composition may alternatively or addition 
ally be coated on one or more devices such as, for example, 
Sutures, stents, screws, and/or plates. Anti-arrhythmia 
devices, such as pacemaker leads and automatic defibrillators 
may also be coated, sprayed, or dipped into the PRP compo 
sition prior to, simultaneously with, or Subsequently to 
implantation. 
0069. It may be desirable to deliver the PRP composition 
to the conduction tissues while avoiding coincidental delivery 
to other cardiac tissues or other locations adjacent to the heart. 
For example, the PRP composition may gel or harden upon 
delivery to prevent migration. In some variations, a balloon 
catheter may be placed in the coronary sinus and inflated 
during delivery until the PRP composition has solidified or at 
least partially immobilized. Other variations may include a 
pressure control system on the delivery device to prevent 
pressure-driven migration of the PRP composition. Back 
bleed may also be prevented by keeping the needle in place 
for several seconds (e.g., about 5 to about 30 seconds, or about 
5 to about 120 seconds) following an injection. 
0070 Sensors may be used to direct the delivery device to 
a desired location and/or to deliver the PRP composition. For 
example, real-time recording of electrical activity (e.g., an 
ECG), pH, oxygenation, metabolites such as lactic acid, CO 
or the like may be used. The sensors may be one or more 
electrical sensors, fiber optic sensors, chemical sensors, 
imaging sensors, structural sensors, and/or proximity sensors 
that measure conductance. The sensors may be incorporated 
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into the delivery device or be separate from the delivery 
device. In some embodiments, the sensors may sense and/or 
monitor Such things as needle insertion depth, blood gas, 
blood pressure or flow, hemocrit, light, temperature, vibra 
tion, Voltage, electric current, power, and/or impedance. The 
sensors may include one or more imaging systems and may be 
coupled to any appropriate output device, for example, a LCD 
or CRT monitor which receives and displays information. 
(0071. The total volume of the PRP composition delivered 
to the patient may be based on the size of the heart, the amount 
of the affected conductive tissue, and/or the desired outcome 
of the procedure. For example, the total volume of composi 
tion injected may be less than 15000 uL. 
0072 The number of delivery sites in the heart may be 
based on the type and location of the arrhythmia(s), the 
desired location of the PRP composition, and the distance 
separating the desired locations. The number of delivery sites 
may range from about 1 to about 25 sites. The distance sepa 
rating delivery sites may vary based on the desired volume of 
platelet gel to be delivered per delivery site, the desired total 
Volume to be delivered, and/or the condition of the conductive 
tissue. At the delivery site, the PRP composition may be 
injected, infused, or otherwise disposed at or adjacent to the 
conductive tissue. The PRP composition may also be infused 
into the vasculature (i.e., vessels) upstream of the target site, 
so that it will flow towards the affected conduction tissue. 
0073. The location of the delivery sites may vary based on 
the size and shape of the affected conductive tissue, and the 
desired extent of the treatment of the tissue. For example, the 
PRP composition may be delivered into the affected conduc 
tive tissue, and/or into the tissue that bordering the affected 
conductive tissue. Similarly, the composition may be deliv 
ered to any combination of the regions of conductive tissue 
and other cardiac tissue. 

0.074. In some instances, selective infusion of a PRP com 
position may be less arrhythmogenic than needle injection of 
a PRP composition directly into the myocardium. FIG. 2 is a 
schematic illustration of the cardiac vasculature (200). The 
cardiac vasculature (200) comprises, for example, the right 
coronary artery (202), the acute marginal artery (204), the 
posterior descending artery (206), the left main coronary 
artery (208), the circumflex artery (210), the left anterior 
descending artery (212), the diagonal artery (214), and the 
obtuse artery (216). Certain arrhythmias may affect include 
aberrant pathways or foci that are perfused by certain 
branches of the cardiac vasculature. For example, branches of 
the right coronary artery (202) provide the blood supply to the 
AV node in about 90% of patients. Thus, selective access to 
the right coronary artery (202) may be used to treat abnor 
malities of the AV node. In another example, certain acces 
sory tracts of Wolff-Parkinson-White syndrome affecting the 
upper ventricles may be treated by accessing the circumflex 
artery (210). 
0075. The timing of PRP delivery relative to an arrhythmic 
event may be based on the severity of the arrhythmia, the 
extent of the arrhythmia, the condition of the patient, and the 
progression of any concurrent arrhythmia treatments. The 
PRP composition may be delivered at any suitable time. For 
example, it may be delivered immediately after the onset of an 
arrhythmia, within one hour of an arrhythmia, one to eight 
hours following an arrhythmia, or three to four days after an 
arrhythmia after clinical stabilization of the patient when it is 
safer for the patient to undergo a separate procedure. The 
timing may be based upon the onset and/or the cessation of 
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the arrhythmia. In some variations, the composition is deliv 
ered about one week, about 1 to about 3 weeks, about 1 to 
about 6 months, or even up to or more than about 1 year after 
the arrhythmia. Other times for injecting compositions into 
the conductive tissue are also contemplated, including prior 
to any anticipated arrhythmia, and immediately upon finding 
an area of conductive tissue responsible for one or more 
arrhythmias (for preventing additional arrhythmias). Of 
course, compositions may be injected into the conductive 
tissue years after an arrhythmia. 
0076 Alternatively or additionally, the PRP composition 
may be used prophylactically, e.g., with certain conditions 
associated with an increased arrhythmia risk or with episodic 
arrhythmias. For example, the PRP composition may be 
delivered one hour, thirty minutes, 15 minutes, 5 minutes, or 
just prior to or during a procedure associated with a height 
ened arrhythmia risk (e.g., a reperfusion procedure). To treat 
episodic arrhythmias, the PRP composition may be used after 
an episode, when an arrhythmia occurs, or before an arrhyth 
mia is likely to occur. 
0077. In some variations, as discussed above, one or more 
anti-arrhythmic agents may be delivered to the patient mixed 
into the PRP composition. Additionally or alternatively, the 
anti-arrhythmic agents may be delivered separately to the 
electrical conduction system of the heart. The anti-arrhythmic 
agent may be delivered via catheter prior to, simultaneously 
with, or subsequently to the PRP composition. Any suitable 
doses of the anti-arrhythmic agent may be delivered at any 
suitable intervals. Where one or more doses of an anti-ar 
rhythmic agentora combination thereof, the doses may be the 
same or may vary in terms of the agent selected and/or the 
amount of agent delivered. Some doses may include the PRP 
composition while others may not. 
0078. In some embodiments, the PRP composition may be 
inhaled using, for example, an inhaler or a nebulizer. To 
deliver the PRP composition in powder form using, for 
example, an inhaler, the PRP composition may be dried once 
it may be prepared as described above according to known 
pharmaceutical techniques. 
007.9 The devices and methods may be used in conjunc 
tion with current anti-arrhythmia therapies and/or concur 
rently with other medical procedures that are generally 
known to increase the likelihood of an arrhythmia. For 
example, and as discussed generally with respect to the meth 
ods and devices, various cardiac procedures may require 
slowing (bradycardia) and/or stopping (asystole) the heart for 
a period of time. 
0080. The PRP composition may be incorporated into an 
Advanced Cardiac Life Support (ACLS) protocol for treating 
acute cardiac arrhythmias. The ACLS protocol comprises one 
or more procedures for treating a patient based on a type of 
arrhythmia. The ACLS protocol comprises first establishing 
and securing an airway device (e.g., an Endotracheal Tube 
(ETT), Laryngeal Mask Airway (LMA), Cuffed Oropharyn 
geal Airway (COPA), Combitube, etc.) then ventilating with 
100% oxygen gas and confirming the airway placement (e.g., 
exam, ETCO, and SpO). The rhythm and pulse may be 
evaluated. The medical personnel continues CPR, obtains IV 
access, and gives rhythm-appropriate medications according 
to specific algorithms based on the type, location, and severity 
of the arrhythmia. 
I0081. In some instances, a cardioversion may be per 
formed during ACLS or as an elective procedure to treat an 
arrhythmia. A cardioversion is a brief electrical shock to the 
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heart to shock the heart into a normal rhythm. The initial 
cardioversion may comprise three shocks that may be Syn 
chronized to the arrhythmic heartbeat. The shocks may be 
performed in increasing energy levels. For example, the first 
shock may be at 100 Joules, the second shock may be at 200 
Joules, and the third shock may be at 300 Joules. The PRP 
composition may be delivered to the heart prior to, in 
between, and/or Subsequently to the three shocks. In some 
instances, more than one dose of the PRP composition may be 
delivered during the cardioversion. In some embodiments 
(e.g., if the cardio version stabilizes the patient), whole blood 
may be withdrawn from the patient following the cardiover 
sion for production of PRP composition to be delivered to the 
patient. 
0082 In the event of a ventricular tachycardia, a cardio 
version may be performed, especially if the heart rate is 
greater than 150 beats per minute or where signs of hemody 
namic instability are present. Before or after the cardiover 
Sion, the patient may also be treated using one or more anti 
arrhythmic agents and/or PRP compositions. The, anti 
arrhythmic agent and/or the PRP composition may be 
selected based on the morphology of the tachycardia and/or 
the ejection fraction (EF) of the heart. For example, if the 
tachycardia is monomorphic and the EF is normal, arrhyth 
mic agents such as procainamide and Sotalol may be deliv 
ered. Alternatively, arrhythmic agents such as amiodarone 
and lidocaine may be administered. If, however, the EF is 
lower than normal, amiodarone or lidocaine may be admin 
istered over an IV and another cardioversion may be per 
formed. 

0083. In instances where the ventricular tachycardia is 
polymorphic, the treatment may be selected based on the QT 
interval indicated by an ECG. If the QT is normal, the treat 
ment selected may be depend on the EF of the heart. When the 
EF is normal, the anti-arrhythmic agent used may be a 
betablocker Such as Sotalol, and/or another agent including, 
but not limited to, lidocaine, amiodarone, and procainamide. 
When the EF is below normal, delivery of amiodarone or 
lidocaine may be synchronized with one or more cardiover 
sion. Ifhowever, the QT interval is prolonged (i.e., torsades de 
pointes), the PRP composition may be delivered with and/or 
include magnesium, isoproterenol, phenytoin, and/or 
lidocaine. In some instances, the heart may be treated using 
overdrive pacing. 
0084. The PRP composition may also be delivered as dis 
closed herein during or after a bradycardia (i.e., slow heart 
beat). In these instances, the AV node may be blocking the 
impulse from propagating into the ventricles. To treat abrady 
cardia, atropine (e.g., 0.5-1.0 mg IV push q 3-5 min up to a 
maximum of 0.04 mg/kg), dopamine (e.g., 5-20 g/kg/min), 
and/or epinephrine (e.g., 2-10 ug/min) may be administered. 
In these instances, transcutaneous pacing (TCP) may be per 
formed if the bradycardia is severe. 
0085. In the event of atrial fibrillation or atrial flutter, the 
ACLS protocol comprises performing a cardioversion and 
administering one or more anticoagulants. The cardioversion 
may occur immediately or later as an elective cardioversion. 
Cardioversions may also be performed chemically using anti 
arrhythmic drugs. In these embodiments, the PRP composi 
tions may not include a clotting agent. Examples of anti 
coagulants may be selected based on ejection fraction (EF). If 
the patient has a normal EF, a calcium blocker or a beta 
blocker to control the heart rate may be administered. Some 
anti-arrhythmic agents that may be used include amiodarone, 
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ibutilide, procainamide, flecainide, propafenone, and Sotalol. 
If the patient has an EF of less than 40% and/or congestive 
heart failure (CHF), the heart rate may be controlled by 
administering digoxin, diltiazem, and/or amiodarone. In the 
case of Wolff-Parkinson-White syndrome characterized by a 
short PR interval and long QRS interval with a delta wave 
associated with paroxysmal tachycardia, amiodarone, 
procainamide, propafenone, Sotalol, or flecainide may be 
administered. 
I0086. In general, the ACLS protocol may be performed by 
alternating electrical shocks with administration of drugs 
while monitoring the heart rate using an ECG. The PRP 
composition may generally be administered with one or more 
other anti-arrhythmia and/or anti-coagulant drugs. A pre-pre 
pared PRP may be used in emergency situations while an 
autologous PRP may be used after the patient is stabilized, for 
example, in conjunction with an elective cardioversion. 
I0087. The PRP composition may also be used in an elec 
trophysiology study (e.g., a cardiac electrical mapping study, 
with or without an ablation treatment) where the conduction 
system may be evaluated for abnormal conduction pathways 
or foci, and where portions of conductive tissue may be 
ablated to treat the abnormal impulse propagation. Ablation 
may be used, for example, in patients with Wolff-Parkinson 
White syndrome or any of a variety of other arrhythmias, 
including those caused by reentry or automaticity, for 
example. The electrophysiology study may be used to deter 
mine the pathological conduction pathways and to ablate 
them. The PRP may be delivered before, during, and/or after 
the electrophysiology study to stabilize or otherwise treat the 
aberrant pathways. 
I0088. In some variations, as briefly described above, the 
PRP composition may be used in conjunction with a proce 
dure to deliver one or more implants to the heart. Some of 
these procedures may be associated with acute risks of 
arrhythmia or exacerbate existing arrhythmias. The implants 
may be devices for treating a chronic arrhythmia or to treat 
other medical conditions. Examples of implant procedures 
include implantation and/or removal of pacemakers and auto 
matic defibrillator leads. The PRP composition may be deliv 
ered prior to, simultaneously with, and/or Subsequently to, the 
placement of leads in the conduction tissues of the heart. In 
one example, a patient undergoing implantation of a cardiac 
rhythm management device may be pre-treated with a PRP 
composition about from about 1 to about 4 hours or more 
before the procedure, sometimes about 1 to about 2 days 
before, and other times about 1 week or more before. The PRP 
composition may have an additional desirable effect by pro 
moting fibrous tissue growth to anchor the leads. In some 
variations, the leads, devices, or other implants (e.g., Sutures) 
are coated with the PRP composition. 
I0089. The PRP composition may be delivered at any suit 
able dose. In some embodiments, the dose may be between 
about 1 cc and about 3 cc, between about 3 cc and about 5 cc, 
between about 5 cc and about 10cc, between about 10 cc and 
about 20 cc, or more. The dose may be delivered according to 
a medical procedure (e.g., at specific points in a procedure) 
and/or according to a schedule. For example, prior to an 
elective cardioversion, the PRP composition may be deliv 
ered about 24 hours, about 12 hours, about 6 hours, about 2 
hours, and/or about 1 hour before the procedure begins. A 
portion of the dose and/oran additional dose may be delivered 
during the elective cardioversion (e.g., immediately before 
the initial shock, between shocks, and/or immediately after 
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the final shock). One or more doses of the PRP composition 
may be delivered after the elective cardioversion and/or on an 
as needed basis. 

0090. As mentioned previously, a PRP composition may 
additionally or alternatively be used to prevent and/or treat 
arrhythmias that may occur during other cardiac procedures. 
Cardiac procedures may include anti-arrhythmia procedures, 
procedures to correct congenital heart defects, or other 
pathologies. Examples of other cardiac procedures include, 
but are not limited to, angioplasty, coronary artery bypass, 
Minimally Invasive Direct Coronary Artery Bypass (MID 
CAB), off-pump coronary artery bypass, Totally Endoscopic 
Coronary Artery Bypass (TECAB), aortic valve repair, aortic 
valve replacement, mitral valve repair, mitral valve replace 
ment, Ross procedure, Bentall procedure, pulmonary throm 
boendarterectomy, valve-sparing aortic root replacement, 
cardiomyoplasty, Dor procedure, heart transplantation, septal 
myectomy, Ventricular reduction, pericardiocentesis, peri 
cardiectomy, atrial septostomy, Blalock-Taussig shunt proce 
dure, Fontan procedure, Norwood procedure, Rastelli proce 
dure, Maze procedure (Cox maze and minimaze), and/or 
pacemaker insertion. The PRP composition may used to pre 
vent an arrhythmia associated with reperfusion of the cardiac 
tissue during any of the above procedures. AS is known, 
reperfusion may cause a spontaneous arrhythmia to occur 
after cardiac Surgery. 
0091. In some embodiments, the PRP composition may be 
delivered to prevent and/or treat an arrhythmia resulting from 
an electrolyte imbalance caused by, for example, kidney fail 
ure. In kidney failure, electrolyte levels essential to the proper 
running of cardiac conduction system (e.g., calcium, potas 
sium, Sodium, magnesium, etc.) may be improperly man 
aged. The resulting electrolyte balance may prevent the con 
duction tissues from propagating the impulse normally. 
0092. The PRP composition may also be used in the place 
ment of a single lumen pulmonary artery catheter or a Swan 
Ganz catheter. The Swan-Ganz catheter may be advanced 
through the Superior Vena cava to the pulmonary artery. 
Because the Swan-Ganz catheter passes through the right 
atrium and the right ventricle, where Koch’s Triangle is 
located, there is a heightened risk of arrhythmia. To preventor 
treat an arrhythmia, the PRP may be delivered prior to, simul 
taneously with, and/or Subsequently to, the placement of the 
Swan-Ganz catheter. In some embodiments, the Swan-Ganz 
catheter may be coated with the PRP. The PRP composition 
may also be delivered periodically while the Swan-Ganz 
catheter is in place. 
0093. In some embodiments, the PRP composition may be 
delivered to the patient based on the mechanism of the 
arrhythmia. As discussed herein, an arrhythmia may be 
caused by one or more mechanisms including automaticity, 
triggered activity, pre-excitation and/or re-entry. These 
mechanisms may correspond to one or more cardiac patholo 
gies aside from the arrhythmia itself. 
0094. An arrhythmia may be caused at least in part by 
abnormalities in automaticity, i.e., an abnormal spontaneous 
polarization, of the cardiac tissues. Automaticity normally 
originates in the SA node and propagates through the rest of 
the conduction system. However, abnormalities may cause a 
portion of the conduction tissues to depolarize out of sync 
with the rest of the conduction system. Automaticity may 
arise, for example, when the conduction of the impulse from 
the SA node is blocked. 
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0.095 Triggered activity typically occurs when the ion 
channels in individual heart cells are damaged, blocked, or 
otherwise altered resulting in abnormal propagation of the 
impulse. In some instances, triggered activity can lead to 
Sustained abnormal rhythm and may be a result of anti-ar 
rhythmic drugs. 
0096 Pre-excitation can occur when accessory or bypass 
tracts provide alternate conduction pathways for myocardial 
depolarization. For example, these accessory or bypass tracts 
may bypass the AV node, resulting in premature depolariza 
tion of the Ventricular muscle. In some instances, the prema 
ture depolarization wave may merge with the depolarization 
wave from the normal conduction pathway, resulting in a 
fusion beat or wave. 

0097. Re-entry is another possible mechanism that may be 
used to characterize an arrhythmia. Typically, the impulse is 
conducted through the conduction system in a uniform fash 
ion from the SA node to the AV node to the Purkinje fibers to 
depolarize each in turn. However, if a portion of the conduc 
tion tissue is too slow or too quick to depolarize, the conduc 
tion tissues that normally depolarize in response may depo 
larize more than once in a single cardiac cycle. For example, 
the conduction tissues may depolarize first in response to the 
original impulse and then quickly depolarize again in 
response to the delayed impulse. Re-entry is associated with 
several types of arrhythmias including, for example, atrial 
flutter, Supraventricular tachycardia, Ventricular tachycardia 
and fibrillation arrhythmias. 
I0098. In some examples, a PRP composition may be used 
to treat a patient diagnosed with an acute myocardial infarc 
tion. Treatment with the PRP composition may occur in the 
field or in the emergency room setting. Criteria for PRP 
composition treatment may include positive cardiac markers, 
ST-elevations, or new wall motion abnormalities identified on 
echocardiogram, for example. The decision to treat with a 
PRP composition, and the treatment location(s), may depend 
upon one or more characteristics of the myocardial infarction. 
For example, a myocardial infarction may be characterized as 
a ST-elevation myocardial infarction (STEMI) or non-ST 
elevation myocardial infarction (NSTEMI), a Q-wave or non 
Q-wave myocardial infarction, and whether they are Suben 
docardial or transmural. Myocardial infarctions may also be 
characterized anatomically by cardiac wall region and/or the 
Suspected blockage site in the cardiac vasculature. Myocar 
dial infarctions may also be characterized as anterior, lateral, 
inferior, posterior, septal, or right-ventricular in location, and 
may involve disease or blockage of the left-anterior descend 
ing, left circumflex, left main, posterior-descending and right 
coronary arteries, for example. 
0099. In other examples, timing of the PRP composition 
treatment may be based upon other treatments that are indi 
cated in a patient with a myocardial infarction. In some 
instances, a PRP composition may be delivered before, dur 
ing, and/or after reperfusion therapy is performed to treat an 
acute myocardial infarction or a previous myocardial infarc 
tion. Reperfusion therapies may include thrombolytic 
therapy, angioplasty, stenting (including bare metal stents and 
drug-eluting stents) or coronary artery bypass graft (CABG) 
Surgery. In some instances, reperfusion therapy may be asso 
ciated with an increased risk of an arrhythmia, including 
sudden death. Also, it is believed that the etiology of reper 
fusion arrhythmias or reperfusion arrhythmia risk may be 
different from the arrhythmia etiologies associated with the 
myocardial infarction itself. For example, some reperfusion 
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arrhythmias may be caused by triggered activity and/or re 
entry. A PRP composition may be prepared before or at the 
start of a reperfusion procedure, but not used unless an 
arrhythmia occurs during the procedure. In other reperfusion 
procedures, the patient may be prophylactically pre-treated 
with a PRP composition before reperfusion occurs, e.g., 
before guidewire passage across an occlusion, stent position 
ing, stent expansion, or reestablishment of coronary flow 
through a bypass segment. 

Kits 

0100 Kits may include any device, component, or combi 
nation of devices and/or components described herein. For 
example, the kits may include one or more preparation 
devices, one or more delivery devices, one or more collection 
devices, and/or instructions for use. The one or more prepa 
ration devices may be for preparing PRP and may comprise a 
centrifuge, for example. The one or more delivery devices 
may be configured to deliver a PRP composition comprising 
the PRP to a region of the heart to treat a cardiac arrhythmia. 
The one or more collection devices may comprise one or 
more Syringes, apheresis needles, or other devices for collect 
ing blood from a patient. The patient may be presently Suf 
fering or have Suffered a cardiac arrhythmia. The components 
of the kit may be packaged in Sterile containers. The kits may 
comprise one or more single-use components. Instructions 
may be in written or pictograph form, or may be on recorded 
media including audio tape, audio CD, video tape, DVD, 
CD-ROM, or the like. 
0101 The kits may be designed to target specific cardiac 
arrhythmias. In one variation, a kit may be designed for use 
with a ventricular tachycardia. Such a kit may include, for 
example, one or more collection devices, ECG leads, and/or 
one or more anti-arrhythmic agents. 
0102. In addition to the foregoing uses for the composi 

tions, methods and systems described herein, it will be appar 
ent to those skilled in the art that other injured tissues, in 
addition to injured cardiac tissue, would benefit from the 
delivery of structural support materials to treat the injuries. 
Non-limiting examples of Such tissues include the stomach, 
to reduce food intake and increase satiety; the abdominal 
wall, to prevent and treathernias and the bladder to prevent or 
treat incontinence. Such tissues may additionally include vas 
cular tissues. 

Examples 

Example 1 

0103 PRP was prepared using a centrifuge unit made by 
Harvest (Plymouth, Mass). (Similar units are available as The 
Biomet GPS system, the Depuy Symphony machine and the 
Medtronic Magellan machine.) Approximately 55 cc of blood 
was drawn from the patient using a standard sterile Syringe, 
combined with 5 cc of a citrate dextrose solution for antico 
agulation, and then spun down to isolate the platelets accord 
ing to the manufacturer's protocol. These platelets were then 
resuspended in approximately 3 cc of plasma. The resulting 
platelet rich plasma solution (PRP) was quite acidic and was 
neutralized with using approximately 0.05 cc of an 8.4% 
sodium bicarbonate buffer per cc of PRP understerile condi 
tions to approximately physiologic pH of 7.4. The PRP was 
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not activated through addition of exogenous activators. This 
PRP composition is referred to herein as autologous platelet 
extract (APEX). 

Example 2 
Cardiac Muscle 

0104 Adult female mice (n=19) underwent left anterior 
descending (LAD) artery ligation (45 minutes) followed by 5 
minutes reperfusion to mimic myocardial infarction. An 
APEX composition was prepared as described in Example 1 
The extract was not activated through the addition of exog 
enous agent(s). 
0105. Unactivated PRP (n=10) or saline (n=9) was 
injected into murine myocardium. Three weeks later MRI 
was used to evaluate ejection fraction. 
0106. The data is shown in FIG. 1. PRP improves cardiac 
function by 28% (as measured by Left Ventricular Ejection 
Fraction) relative to control at 3 weeks after a heart attack. 
The data is statistically significant at p=0.04. This data Sup 
ports the use of PRP in an ischemia-reperfusion heart model. 

Example 3 

Treatment of a Reperfusion Arrhythmia in an Animal 
Model 

0107 Arrhythmias frequently occur when ischemic car 
diac tissue is reperfused with blood. This can occur in a 
variety of situations; however the most common is following 
an acute myocardial infarction. Typically, when blood flow is 
successfully reestablished after a coronary artery has been 
blocked, reperfusion arrhythmias can occur. These arrhyth 
mias are usually in the form of Ventricular ectopy including, 
but not limited to, non-sustained Ventricular tachycardia, Sus 
tained ventricular tachycardia and ventricular fibrillation. 
These arrhythmias can result in hemodynamic compromise 
and, in some cases, death. 
0108. The successful test of PRP in an animal model simu 
lating a reperfusion arrhythmia following an acute myocar 
dial infarction was conducted as follows: In a 40 Kg Swine, 
the left anterior descending artery was identified using coro 
nary angiography and then occluded with an angioplasty 
balloon (thus mimicking a myocardial infarction). Hemody 
namic and electrocardiographic measurements were 
recorded during the procedure. After sixty minutes of arterial 
blockage, the balloon was deflated resulting in reperfusion. 
This led to pronounced ventricular ectopy in the form of 
Ventricular couplets, triplets, and non-Sustained Ventricular 
tachycardia. 
0109 Following 30 minutes of catheter-based endocardial 
Ventricular mapping, ventricular arrhythmias persisted even 
without a catheter in place and continued while an injection 
catheter was placed into the left ventricle cavity. Platelet rich 
plasma (PRP) was then injected into myocardial region of the 
acute occlusion in an attempt to improve cardiac function. 
Five minutes after ten injections of 0.2 ml of PRP under 
fluoroscopic guidance, the cardiac rhythm returned to a nor 
mal sinus pattern without any Ventricular ectopy. 
0110 FIGS. 4a and 4b depict EKG tracings taken of the 
test subject before and after treatment with the PRP. FIG. 4a, 
recorded prior to the PRP treatment, shows a highly irregular 
pattern consistent with multifocal premature ventricular con 
tractions consistent with ischemia and recent reperfusion. 
The fact that the QRS complexes are of different shapes 
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indicates that pacing is occurring from multiple sites in the 
myocardium in a disorganized manner and thus indicates a 
serious disruption in the heart's normal pacemaking. FIG. 4b 
shows an EKG taken following PRP treatment and shows that 
the rate and rhythm have normalized. 
0111 FIG. 4c shows a ventricular pressure measurement 
as measured using cardiac catheterization. The relatively low 
pressures show that the Ventricles are unable to generate 
sufficient pressures to pump blood efficiently during the 
arrhythmia as they are contracting in an irregular and disor 
ganized manner. By contrast, the pressures recorded under 
FIG. 4d are much higher. This reflects that the myocardium is 
able to fill and contract properly so as to function effectively. 

Example 4 
Treatment of Acute Coronary Syndrome with PRP 

0112 A patient presents with symptoms of myocardial 
ischemia Such as chest pain. The diagnostic evaluation 
including a physical exam, EKG, as well as laboratory studies 
determines that the patient is having acute coronary Syn 
drome such as unstable angina, Non-ST elevation myocardial 
infarction, or ST elevation myocardial infarction. A blood 
sample is drawn to create platelet rich plasma. The patient is 
taken to the catheterization laboratory to perform reperfusion 
therapy and then have platelet rich plasma applied, injected, 
or instilled to improve cardiac rhythm or protect against rep 
erfusion arrhythmia. In another embodiment, the patient 
would go to the catheterization laboratory to have PRP either 
injected or instilled in a delayed manner to prevent future 
arrhythmia. 
0113. The PRP in the above example can be prepared 
using a variety of techniques including, but not limited to, 
centrifuges, gravity filtration devices, cell sorting or others. It 
can be combined with stem cells, genetic engineering or 
mechanical devices such as permanent or bioaborbable pace 
maker or stent. The PRP can be autologous or made from 
allogenic sources. It can be made and then stored in a frozen 
or lyophilized state to be applied to the tissue later. In a 
preferred form it would be buffered to physiologic pH but it 
may also be valuable to instill PRP at either acidic or basic pH 
for specific clinical indications such as ablation of an abnor 
mal conduction pathway. In yet another embodiment, the 
PRP could be prepared in a form that is depleted of neutro 
phils or other fractions of white blood cells either partially or 
completely. 

Example 5 
Treatment of Arrhythmia using the PRP Formulation 

from Example 4 
0114. A patient presents with symptoms of palpitations, 
lightheadedness and pre-syncope or syncope. A diagnostic 
evaluation including physical exam and EKG determines that 
the patient is in a Sustained or non-sustained arrhythmia Such 
as, but not limited to, Supraventricular or Ventricular tachy 
cardia. The patient is treated at the bedside or taken to the 
catheterization laboratory to have PRP injected or instilled 
into the location of the arrhythmia as located by topographic 
electrocardiogram or catheter-based electrophysiology study. 

Example 6 
Treatment of Reperfusion Arrhythmia using the PRP 

Formulation from Example 4 
0115 PRP can be used to prevent arrhythmia associated 
with reperfusioninischemic myocardial tissue. A patient who 
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is undergoing cardiac Surgery requiring bypass Support Such 
as, but not limited to, coronary artery bypass grafting, valve 
repair, Valve replacement, cardiac transplantation, or other 
cardiac surgeries can have PRP injected or instilled into the 
myocardial tissue prior to, during, or after reperfusion. Repe 
rfusion occurs when coming off the bypass machine. Injec 
tion is performed using needle injection under direct visual 
ization or via a catheter placed into the heart under image 
guidance. The PRP is administered via single or multiple 
injections. 

Example 7 

Treatment of Bradycardia using the PRP Formula 
tion from Example 4 

0116 Bradycardias are usually the result of poor signal 
generation by cardiac pacing tissue or by abnormalities 
within conduction tissues. When the normal pacing system 
fails, the heart relies on various accessory pacemakers that 
beatata slower rate than the SA node. This is often associated 
with increasing patient age as well as with histological evi 
dence of fibrosis of the tissues involved. One such example is 
“sick sinus syndrome,” a disorder that results in the develop 
ment of significant bradycardia and the need for an implant 
able pacemaking device. 
0117 Patients with bradycardia can present with light 
headedness, near-syncope or full Syncope. The diagnosis can 
be established using an EKG or a rhythm monitor. Once 
identified, early treatment to prevent further progression of 
the disease can result in avoiding the need for an implantable 
electrical pacemaker. Treatment with PRP reduces further 
fibrotic changes to the cardiac tissue and reduces local 
inflammation thus improving the generation of an impulse 
signal thus preventing the worsening of the bradycardia. 
0118. A patient presents with symptoms of syncope. His 
tory, physical examination and EKG result in a diagnosis of 
likely sick sinus syndrome. The patient then undergoes an 
electrophysiology study in the catheterization laboratory to 
“map' the electrical conduction of the SA node and the 
refractory period using a specialized catheter positioned in 
the right atrium under flourscopic visualization. Once identi 
fied, a second catheter with a small injection catheter on the 
tip is positioned on the same tissue as the signal sensor and 
platelet rich plasma injected into the location via an 
endomyocardial technique. Since this injection can result in 
temporary inability to produce a pacing signal from the SA 
node, the sensor catheter has the ability to pace the heart at a 
backup rate Sufficient to Support systemic hemodynamics. 
This procedure is performed once or multiple times to pro 
duce the desired effect of improving the patient's cardiac 
rhythm. Proof of improvement is measured via EKG or other 
diagnostic device or method. 

Example 8 

Treatment of a Patient with Heart Block Using the 
PRP Formulation from Example 4 

0119) A patient presents with symptoms of syncope. His 
tory, physical examination and EKG result in a diagnosis of a 
disruption in the cardiac conduction system at the level of the 
AV node (“heart block”). A subsequent electrophysiology 
study performed in the catheterization laboratory identifies 
the location of the disruption on the conduction system. 
While one monitor with pacing ability monitors the heart rate, 
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a second catheter with a small injection catheter on the tip is 
positioned at the site of the conduction abnormality and plate 
let rich plasma is injected into the location via an endomyo 
cardial technique one or more times. The resolution of the 
heart block is assessed via EKG or other diagnostic method. 

Example 9 

Treatment of Myocardial Tissue to Reduce Thresh 
old and Increase Battery Life for Pacing 

0120 Bradycardias are often treated by the placement of a 
permanent pacemaker. Such devices provide electrical stimu 
lation of the myocardial conductive tissue using leads that are 
in contact with the epicardial or endocardial surface of the 
heart. “Myocardial capture' is achieved by delivering a cap 
ture signal capable of stimulating myocardial tissue. Myocar 
dial fibrosis can necessitate higher pacing Voltages to achieve 
capture. Damage to cardiac tissue from the pacemaker leads 
themselves can result in local fibrosis, thus necessitating 
higher pacing Voltages and thereby reducing pacemaker bat 
tery life. Treatment with PRP can reduce the progression of 
fibrosis or even reduce existing fibrosis. This can minimize 
the energy consumption of the pacemaker and extend battery 
life. 
0121 A patient presents with symptomatic bradycardia 
that requires the placementofa permanent pacemaker (PPM). 
PRP is injected or instilled into the myocardial region 
wherein the pacemaking lead or patch is attached to the 
endocardial or epicardial surface. This is performed before, 
during or after the placement or attachment of the lead or 
patch. In one embodiment, an injection catheter is used to 
direct the injection of PRP into the region wherein the active 
fixation lead is to be attached. This can be performed in the 
catheterization laboratory under fluoroscopic guidance, with 
the endocardial injection occurring prior to, during or after 
the fixation of the lead. In an alternative embodiment, the 
patient is in the operating room for placement of a epicardial 
patch for pacing. The patient would have PRP injected or 
instilled into the location of the epicardial patch before, dur 
ing or after the placement of the patch for pacing. In yet 
another embodiment, PRP is delivered via intramuscular 
injection or via a transdermal patch to enhance cardiac func 
tion or improve cardiac rhythm. In all of these embodiments 
the goal is to reduce fibrosis and enhance electrical conduc 
tivity. Treatment of myocardial tissue with PRP can facilitate 
functional pacing in the heart, reduce conduction resistance 
from fibrosis, and thereby reduce the energy requirements for 
the pacemaker and ultimately extend its battery life. 

Example 10 

Treatment of Myocardial Tissue to Reduce the 
Defibrillation Threshold and Energy Requirements 

of Defibrillation Devices 

0122) Patients with various conditions including coronary 
artery disease, ischemic or non-ischemic cardiomyopathy or 
a history of Ventricular arrhythmias can have an implantable 
cardiac debribrilator (ICD) placed to treat a life-threatening 
arrhythmia if and when they arise. Patients with cardiomy 
opathy often have myocardial fibrosis which increases resis 
tance and necessitates a higher electrical charge to defibrillate 
the ventricle. PRP can be used to treat the fibrosis either prior 
to, during, or after the placement of an ICD. PRP can also be 
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used in the treatment of patients undergoing heart transplant 
or valve Surgery to improve rhythm or function. 
0123. A patient is diagnosed with ischemic cardiomyopa 
thy and his doctors recommend that he have an ICD. Prior to 
ICD placement, the cardiac tissue in the area where the leads 
of the ICD are to be placed is injected or infused with PRP. 
Local fibrosis is reduced thus enabling the ICD to operate at 
a lower voltage when activated. This extends the battery life 
of the ICD. 
0.124 While methods, devices, and kits have been 
described in some detail here by way of illustration and 
example, Such illustration and example may be for purposes 
of clarity of understanding only. It will be readily apparent to 
those of ordinary skill in the artin light of the teachings herein 
that certain changes and modifications may be made thereto 
without departing from the spirit and scope of the appended 
claims. 
What is claimed is: 
1. A method for treating a cardiac conduction abnormality, 

comprising: 
identifying a cardiac conduction abnormality in a patient; 

and 
delivering a platelet rich plasma composition to the patient 

in an amount Sufficient to treat the conductionabnormal 
ity. 

2. The method of claim 1, wherein the conduction abnor 
mality comprises a cardiac arrhythmia. 

3. The method of claim 1, wherein the patient has a nega 
tive cardiac enzyme elevation. 

4. The method of claim 1, further comprising monitoring 
the conduction abnormality after delivering the platelet rich 
plasma composition. 

5. The method of claim 1, wherein delivering the platelet 
rich plasma composition comprises delivering the platelet 
rich plasma composition via a minimally invasive procedure. 

6. The method of claim 5, wherein delivering the platelet 
rich plasma composition comprises delivering the platelet 
rich plasma composition using a catheter. 

7. The method of claim 5, wherein delivering the platelet 
rich plasma composition comprises preparing an inhalable 
form of the platelet rich plasma composition and providing 
the inhalable form to the patient. 

8. The method of claim 1, wherein delivering the platelet 
rich plasma composition comprises delivering the platelet 
rich plasma composition via a Surgical procedure. 

9. The method of claim 1, wherein the platelet rich plasma 
composition may be prepared from whole blood of the 
patient. 

10. The method of claim 9, wherein the whole blood is 
withdrawn from the patient during a cardiac arrhythmia. 

11. The method of claim 1, wherein the conduction abnor 
mality comprises a bradycardia. 

12. The method of claim 1, wherein the conduction abnor 
mality comprises a tachycardia. 

13. The method of claim 1, wherein the conduction abnor 
mality is ventricular tachycardia. 

14. The method of claim 1, wherein the conduction abnor 
mality is ventricular fibrillation. 

15. The method of claim 1, wherein the conduction abnor 
mality us caused at least in part by automaticity. 

16. The method of claim 1, wherein the conduction abnor 
mality is caused at least in part by a reentry pathway. 

17. The method of claim 1, wherein the conduction abnor 
mality is chronic. 
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18. The method of claim 1, wherein the conduction abnor 
mality is acute. 

19. The method of claim 1, wherein the conduction abnor 
mality is episodic. 

20. The method of claim 1, wherein the platelet rich plasma 
composition is buffered to a physiological pH. 

21. The method of claim 20, wherein the physiological pH 
is between about 7.3 and about 7.5. 

22. The method of claim 1, wherein the amount sufficient to 
treat the cardiac arrhythmia is about three to about five cubic 
centimeters of the platelet rich plasma. 

23. The method of claim 1, wherein determining a cardiac 
arrhythmia exists comprises using an electrocardiogram. 

24. The method of claim 23, wherein the electrocardio 
gram is recorded using a Holter monitor or a cardiac event 
monitor. 

25. The method of claim 1, wherein the platelet rich plasma 
composition is delivered to or adjacent to a Sino-atrial node. 

26. The method of claim 1, wherein the platelet rich plasma 
composition is delivered to or adjacent to an atrioventricular 
node. 

27. The method of claim 1, wherein the platelet rich plasma 
composition is delivered to or adjacent to the Purkinje fibers. 

28. The method of claim 1, wherein the platelet rich plasma 
composition comprises an anti-arrhythmic agent selected 
from the group consisting of a sodium channel blocker, a beta 
blocker, a potassium channel blocker, and a calcium channel 
blocker. 

29. The method of claim 1, further comprising preparing 
the platelet rich plasma composition by adding an anti-ar 
rhythmic agent to a platelet rich plasma composition. 

30. The method of claim 29, wherein the platelet rich 
plasma is prepared from whole blood of the patient. 

31. The method of claim 1, wherein the platelet rich plasma 
composition comprises an anti-coagulant. 

32. The method of claim 1, wherein the platelet rich plasma 
composition comprises a clotting agent. 

33. The method of claim 1, wherein the conduction abnor 
mality comprises a heightened risk of a cardiac arrhythmia. 

34. The method of claim 1, wherein the conduction abnor 
mality is due at least in part to reperfusion therapy. 

35. A kit comprising: 
one or more preparation devices for preparing platelet rich 

plasma; 
one or more delivery devices configured to deliver a plate 

let rich plasma composition to conduction tissue of a 
heart; and 

one or more anti-arrhythmic agents. 
36. The kit of claim 35, further comprising instructions for 

using one or more of the kit components. 
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37. The kit of claim 35, further comprising one or more 
collection devices for collecting blood from a patient who has 
suffered or is suffering from the cardiac arrhythmia. 

38. The kit of claim 35, wherein one of the one or more 
preparation devices comprises a centrifuge. 

39. A method comprising: 
identifying a heightened risk of a cardiac arrhythmia in a 

patient; and 
delivering a platelet rich plasma composition to the patient 

in an amount sufficient to treat the heightened risk of the 
cardiac arrhythmia. 

40. The method of claim 39, wherein identifying the 
heightened risk is based on a past history of a cardiac arrhyth 
mia in the patient. 

41. The method of claim 39, wherein identifying the 
heightened risk is based on acute ischemic tissue damage. 

42. The method of claim 41, wherein the acute ischemic 
tissue damage has occurred within the last 24 hours. 

42. The method of claim 39, wherein identifying the 
heightened risk is associated with reperfusion therapy to treat 
a myocardial infarction. 

43. The method of claim 42, wherein delivering the platelet 
rich plasma composition occurs within about 24 hours of 
reperfusion therapy. 

44. The method of claim 43, wherein delivering the platelet 
rich plasma composition less than about 24 hours before 
reperfusion therapy. 

45. The method of claim 43, wherein delivering the platelet 
rich plasma composition less than about 24 hours after rep 
erfusion therapy. 

46. A method of reducing conduction resistance to an elec 
trical stimulation device designed to maintain cardiac rhythm 
comprising delivering a composition comprising platelet rich 
plasma to an area of cardiac tissue, wherein said electrical 
stimulation device is operably coupled to cardiac tissue. 

47. The method of claim 46 wherein the electrical stimu 
lation device is a pacemaker. 

48. The method of claim 46 wherein the electrical stimu 
lation device is an implanted cardiac defibrillation device. 

49. The method of claim 46, whereby resistance between 
the location wherein said electrical stimulation device is oper 
ably coupled to cardiac tissue and cardiac conductive tissue is 
reduced. 

48. The method of claim 49 wherein the electrical stimu 
lation device is a pacemaker. 

49. The method of claim 49 wherein the electrical stimu 
lation device is an implanted cardiac defibrillation device. 
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