
(19) United States 

Lindenbaum et al. 

US 20060235376Al 

(12) Patent Application Publication (10) Pub. No.: US 2006/0235376 A1 
(43) Pub. Date: Oct. 19, 2006 

(54) 

(75) 

(73) 

(21) 

(22) 

(63) 

METHODS AND APPARATUS FOR 
HEMOSTASIS FOLLOWING ARTERIAL 
CATHETERIZATION 

Inventors: Hayim Lindenbaum, Haifa (IL); 
Shimon Eckhouse, Haifa (IL) 

Correspondence Address: 
PATTON BOGGS LLP 
8484 WESTPARK DRIVE 
SUITE 900 
MCLEAN, VA 22102 (US) 

Assignee: CardioDeX Ltd., Biet-Carmel (IL) 

Appl. No.: 

Filed: 

11/471,537 

Jun. 21, 2006 

Related US. Application Data 

Continuation of application No. 10/358,130, ?led on 
Feb. 4, 2003. 

Publication Classi?cation 

(51) Int. Cl. 
A61B 18/04 (2006.01) 

(52) Us. or. ............................................... .. 606/27; 606/29 

(57) ABSTRACT 

A method for accelerating hemostasis of an artery having a 
puncture after arterial catheteriZation, the catheteriZation 
using a catheter introducer, the method including the steps of 
inserting into an artery a catheter introducer prior to arterial 
catheteriZation, following arterial catheteriZation, introduc 
ing a hemostasis device into the catheter introducer, such 
that a forWard end of the hemostasis device lies exterior of 
the artery adjacent a puncture in a Wall of the artery, 
accelerating hemostasis by heating blood in the vicinity of 
the puncture, thereby shortening the time required for hemo 
stasis and folloWing hemostasis, removing the catheter intro 
ducer and hemostasis device from the patient. A method for 
monitoring the progress of hemostasis of an artery is also 
disclosed. 
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METHODS AND APPARATUS FOR HEMOSTASIS 
FOLLOWING ARTERIAL CATHETERIZATION 

FIELD OF THE INVENTION 

[0001] The present invention relates to methods and appa 
ratus for hemostasis following arterial catheteriZation. 

BACKGROUND OF THE INVENTION 

[0002] Various techniques are knoWn for arterial catheter 
iZation. Following arterial catheteriZation, it is necessary to 
promote hemostasis quickly and Without undue hardship for 
the patient. 

[0003] Applicant’s US. Pat. Nos. 5,728,134 and 6,048, 
358, and published PCT Applications W0 98/ 11830 and 
WO 00/02488 describe methods and apparatus for hemo 
stasis Which greatly simplify hemostasis and thus greatly 
reduce patient discomfort folloWing arterial catheteriZation. 
These patent documents, the disclosures of Which are hereby 
incorporated by reference, and the prior art referenced 
therein are considered to represent the state of the art. 

SUMMARY OF THE INVENTION 

[0004] The present invention seeks to provide improved 
apparatus and techniques for measuring the progress of and 
accelerating hemostasis. 

[0005] There is thus provided in accordance With a pre 
ferred embodiment of the present invention a method for 
monitoring the progress of hemostasis of an artery having a 
puncture after arterial catheteriZation, the catheteriZation 
using a catheter introducer, the method including the steps of 
inserting into an artery a catheter introducer prior to arterial 
catheteriZation, folloWing arterial catheteriZation, introduc 
ing a hemostasis device into the catheter introducer, such 
that a forWard end of the hemostasis device lies exterior of 
the artery adjacent a puncture in a Wall of the artery, during 
hemostasis, measuring the heat conductivity of blood in the 
vicinity of the puncture, thereby to provide an output indi 
cation of the progress of hemostasis and folloWing hemo 
stasis, removing the catheter introducer and the hemostasis 
device from the patient. 

[0006] Preferably, the method also includes in?ating a 
balloon attached to the catheter introducer to block the 
puncture, prior to the introducing a hemostasis device. 
Additionally, the removing the catheter introducer also 
includes de?ating the balloon prior to removing the catheter 
introducer. 

[0007] There is also provided in accordance With another 
preferred embodiment of the present invention a method for 
accelerating hemostasis of an artery having a puncture after 
arterial catheteriZation, the catheteriZation using a catheter 
introducer, the method including the steps of inserting into 
an artery a catheter introducer prior to arterial catheteriZa 
tion, folloWing arterial catheteriZation, introducing a hemo 
stasis device into the catheter introducer, such that a forWard 
end of the hemostasis device lies exterior of the artery 
adjacent a puncture in a Wall of the artery, accelerating 
hemostasis by heating blood in the vicinity of the puncture, 
thereby shortening the time required for hemostasis and 
folloWing hemostasis, removing the catheter introducer and 
hemostasis device from the patient. 
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[0008] In accordance With another preferred embodiment 
of the present invention the method also includes in?ating a 
balloon attached to the catheter introducer to block the 
puncture, prior to the introducing a hemostasis device. 
Additionally, the removing the catheter introducer also 
includes de?ating the balloon prior to removing the catheter 
introducer. 

[0009] Alternatively or additionally, the method also 
includes measuring the heat conductivity of blood in the 
vicinity of the puncture during hemostasis, thereby to pro 
vide an output indication of the progress of hemostasis. 

[0010] There is further provided in accordance With still 
another preferred embodiment of the present invention a 
hemostasis device including a resistance element, disposed 
at a forWard end of the hemostasis device, a resistance 
sensor and a resistance indicator, operative to provide an 
indication of the resistance at the resistance sensor. 

[0011] In accordance With another preferred embodiment 
of the present invention, the hemostasis device also includes 
a poWer supply serially connected to the resistance element, 
the resistance sensor and the resistance indicator. Preferably, 
the poWer supply is operative to supply a high level current 
to the resistance element. Alternatively, the poWer supply is 
operative to supply a loW level current to the resistance 
sensor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The present invention Will be understood and 
appreciated more fully from Which the folloWing detailed 
description taken in conjunction With the draWings in Which: 

[0013] FIGS. 1A and 1B are simpli?ed pictorial illustra 
tions of respective ?rst and second modes of operation of a 
hemostasis device constructed and operative in accordance 
With a preferred embodiment of the present invention; 

[0014] FIG. 2 is a simpli?ed pictorial illustration of the 
hemostasis device of FIGS. 1A and 1B during hemostasis; 
and 

[0015] FIGS. 3A and 3B are graphs illustrating the typical 
conductivity levels measured by the hemostasis device When 
used in the operating modes shoWn in FIGS. 1A and 1B, 
respectively. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0016] Reference is noW made to FIGS. 1A and 1B, 
Which are simpli?ed pictorial illustrations of a preferred 
embodiment of a hemostasis device in respective ?rst and 
second modes of operation. 

[0017] As seen in FIG. 1A, a hemostasis device 10 is 
inserted into a catheter introducer 11, folloWing arterial 
catheteriZation and WithdraWal of a catheter (not shoWn), 
such that a forWard end 12 of the hemostasis device 10 lies 
adjacent to and outside a puncture 14 in an artery 16. At least 
one external balloon 18 is preferably disposed adjacent 
catheter introducer 11 and is shoWn in an in?ated orienta 
tion, Wherein the balloon 18 forms a skirt surrounding and 
sealing puncture 14 from the tissue external thereto. At this 
stage blood normally ?lls artery 16 as Well as puncture 14, 
as Well as the annular volume 20 surrounded by balloon 18 
adjacent puncture 14 and forWard end 12. 
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[0018] In accordance With another preferred embodiment 
of the present invention, the at least one balloon 18 need not 
be provided. 

[0019] In accordance With a preferred embodiment of the 
present invention, a resistance element 22 is disposed at a 
forWard edge 24 of the forWard end 12, and is coupled in 
series With an external poWer supply 26 via conductors 28, 
Which typically extend along the length of the hemostasis 
device 10. Preferably, the series connection includes a 
resistance indicator 30, Which provides an indication of the 
resistance at a resistance sensor 32. 

[0020] As seen in FIG. 1A, a loW level current, typically 
less than 0.1 ampere, is provided by external poWer supply 
26 to enable the resistance indicator 30 to monitor the 
progress of hemostasis, to alloW for timely removal of 
catheter introducer 11 and hemostasis device 10 from the 
patient. 
[0021] It is appreciated that the heat conductivity of the 
blood in liquid form is measurably different from that of a 
blood clot formed during hemostasis, as Will be described 
hereinbeloW With reference to FIGS. 3A and 3B. 

[0022] FIG. 1B illustrates the hemostasis device of FIG. 
1A in a second preferred mode of operation. As shoWn in 
FIG. 1B, a high level electrical current, typically greater 
than 0.1 ampere, is supplied via the external poWer supply 
26 to resistance element 22. The provision of this current 
causes heating of the blood adjacent to the resistance ele 
ment 22 and provides for accelerated hemostasis. The pro 
vision of resistance indicator 30, connected to resistance 
sensor 32, enables the monitoring of the progress of the 
accelerated hemostasis, to alloW for regulation of the current 
provided to resistance element 22 over time, and to alloW 
timely removal of catheter introducer 11 and hemostasis 
device 10 from the patient. 

[0023] It is appreciated that the heat conductivity of the 
blood in liquid form is measurably different from that of a 
blood clot formed during hemostasis, as Will be described 
hereinbeloW With reference to FIGS. 3A and 3B. 

[0024] Reference is noW made to FIG. 2, Which is a 
simpli?ed pictorial illustration of hemostasis device 10 of 
FIGS. 1A and 1B during hemostasis. 

[0025] FIG. 2 shoWs the hemostasis device 10 of FIGS. 
1A and 1B and illustrates the different heat conductivity of 
the blood during the various stages of hemostasis. As seen 
in FIG. 2, the blood ?oWing through the artery 16 and 
adjacent the puncture 14 in the artery is in liquid form, Where 
its heat conductivity is greater than that of the blood 40 
Which has begun to coagulate. Blood 40 is in a viscous form, 
Which has a heat conductivity greater than that of the blood 
42, Which has already begun to solidify into a blood clot. 
Resistance sensor 32 is thus able to measure the process of 
coagulation by measuring the heat conductivity of the adja 
cent blood. 

[0026] Reference is noW made to FIGS. 3A and 3B, 
Which are graphs illustrating the typical conductivity levels 
measured by the catheter introducer assembly When used in 
the operating modes shoWn in FIGS. 1A and 1B, respec 
tively. 

[0027] FIG. 3A shoWs the heat conductivity of the blood 
over time, in the mode of operation illustrated in FIG. 1A, 
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Where the blood is in a liquid form at time T0, with relatively 
high heat conductivity, Where the heat conductivity 
decreases gradually over time as the blood forms a clot at 
time TH. 

[0028] FIG. 3B shoWs the heat conductivity of the blood 
over time, in the mode of operation illustrated in FIG. 1B, 
Where the blood is heated to accelerate clotting. As seen in 
FIG. 3B, the heat conductivity begins at time T0 in a liquid 
form With relatively high heat conductivity, Which decreases 
rapidly as the blood is heated and the clotting occurs at an 
accelerated rate. FIG. 3B also shoWs the heat conductivity 
curve over time shoWn in FIG. 3A, Which clearly illustrates 
the accelerated hemostasis described in reference to FIG. 1B 
hereinabove, Where THA is the accelerated hemostasis time 
and TH is the non-accelerated hemostasis time. 

[0029] It Will be appreciated by persons skilled in the art 
that the present invention is not limited by What has been 
particularly shoWn and described hereinabove. Rather the 
scope of the present invention includes both combinations 
and subcombinations of the various features described here 
inabove as Well as variations and modi?cations Which Would 
occur to persons skilled in the art upon reading the speci 
?cation and Which are not in the prior art. 

1. A method for monitoring the progress of hemostasis of 
an artery having a puncture after arterial catheteriZation, said 
catheteriZation using a catheter introducer, the method com 
prising the steps of: 

inserting into an artery a catheter introducer prior to 
arterial catheteriZation; 

folloWing arterial catheteriZation, introducing a hemosta 
sis device into said catheter introducer, such that a 
forWard end of said hemostasis device lies exterior of 
the artery adjacent a puncture in a Wall of the artery; 

during hemostasis, measuring the heat conductivity of 
blood in the vicinity of said puncture, thereby to 
provide an output indication of the progress of hemo 
stasis; and 

folloWing hemostasis, removing said catheter introducer 
and said hemostasis device from the patient. 

2. A method for monitoring the progress of hemostasis 
according to claim 1 and also comprising in?ating a balloon 
attached to said catheter introducer to block said puncture, 
prior to said introducing a hemostasis device. 

3. A method for monitoring the progress of hemostasis 
according to claim 2 and Wherein said removing said cath 
eter introducer also comprises de?ating said balloon prior to 
removing said catheter introducer. 

4. A method for accelerating hemostasis of an artery 
having a puncture after arterial catheteriZation, said cath 
eteriZation using a catheter introducer, the method compris 
ing the steps of: 

inserting into an artery a catheter introducer prior to 
arterial catheteriZation; 

folloWing arterial catheteriZation, introducing a hemosta 
sis device into said catheter introducer, such that a 
forWard end of said hemostasis device lies exterior of 
the artery adjacent a puncture in a Wall of the artery; 
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accelerating hemostasis by heating blood in the vicinity of 
said puncture, thereby shortening the time required for 
hemostasis; and 

following hemostasis, removing said catheter introducer 
and hemostasis device from the patient. 

5. A method for accelerating hemostasis of an artery 
according to claim 4 and also comprising in?ating a balloon 
attached to said catheter introducer to block said puncture, 
prior to said introducing a hemostasis device. 

6. A method for accelerating hemostasis of an artery 
according to claim 5 and Wherein said removing said cath 
eter introducer also comprises de?ating said balloon prior to 
removing said catheter introducer. 

7. A method according to claim 4 and also comprising 
measuring the heat conductivity of blood in the vicinity of 
said puncture during hemostasis, thereby to provide an 
output indication of the progress of hemostasis. 
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8. A hemostasis device comprising: 

a resistance element, disposed at a forWard end of said 
hemostasis device; 

a resistance sensor; and 

a resistance indicator, operative to provide an indication 
of the resistance at said resistance sensor. 

9. A hemostasis device according to claim 8 and also 
comprising a poWer supply serially connected to said resis 
tance element, said resistance sensor and said resistance 
indicator. 

10. Ahemostasis device according to claim 9 and Wherein 
said poWer supply is operative to supply a high level current 
to said resistance element. 

11. Ahemostasis device according to claim 9 and Wherein 
said poWer supply is operative to supply a loW level current 
to said resistance sensor. 

* * * * * 


