United States Patent [

1t 3 | | | 1 ‘t‘
AR A O O
‘ US005743886A

5,743,886

(111 Patent Number:

Lynn et al. 451 Date of Patent: *Apr. 28, 1998
[54] SEQUENTIAL MEDICAL FLUID 0208975 1/1987 European Pat. Off. .
ASPIRATION AND INJECTION SYSTEM 1373027  8/1963 France .
AND METHOD 2049513  3/1971 France .
2439022 10/1979 France .
[75] Inventors: Lawrence A. Lynn, 862 Curleys Ct., 9201485 61992 WIPO .
Colur}nbus. Ohio 43235; Mark E. OTHER PUBLICATIONS
Larkin, Columbus, Ohio
Catalog. American Scientific Products. p. 1568, 1987-88.
[73] Assignee: Lawrence A. Lynn, Columbus, Ohio Introducer Kit. Arrow International.
[*] Notice: The term of this patent shall not extend (List continued on next page.)
beyond the expiration date of Pat. No.
5.549.560. Primary Examiner—Corrine M. McDermott
Assistant Examiner—Deborah Blyveis
. Attorney, Agent, or Firm—Cushman Darby & Cushman
(211 Appl. No.: 697,085 Intellectual Property Group of Pillsbury Madison & Sutro,
[22] Filed: Aug. 20, 1996 LLP
Related U.S. Application Data 571 ABSTRACT
L A system for the sequential and repetitive aspiration and
[60] Eg';g’;’;‘;“’v':h‘:ghsf:aﬁfw:lﬁi?sﬂMﬁog'?%l 39555 %:'{)b:g injection of fiuid. The system includes a syringe having an
1994, abandoned. Y ’ internal volume, a piston to vary the internal volume and a
s chamber divider for separating the internal volume into
[51]1 Int. ClL AG6IM 5/00  proximal and distal reservoirs. The chamber divider is
[52] US.CL . 604/191; 604/89; 604/207; moveable along the chamber and is positioned adjacent the
604/30; 128/762; 128/760 distal end of the chamber prior to withdrawal of fluid into the
[58] Field of Search ..........emsmemmsorns 604/191, 187.  syringe. The proximal reservoir has a maximum displace-
604/89-91, 218, 238, 207208, 122-125.  ment volume for receiving fluid. A flow channel provides
82: 128/760. 762 flow between the proximal and distal reservoirs and a valve
) disables and enables fiow therethrough. A tensile element
5 links the piston and the chamber divider so that after the
561 References Cited piston is moved and the proximal reservoir is filled with a
U.S. PATENT DOCUMENTS first liquid, the chamber divider is pulled away from the
. distal end of the syringe to enlarge the distal reservoir and
23571238  8/1944 Trimble . draw the blood into the distal reservoir. A conduit is con-
%g;zgg fﬁggﬁ g;hen ' nected with the syringe and is in communication with the
2989053 61961 qum;n patient’s blood vessel and contains the first liquid. The flow
3067 742 1211962 Linke ’ channel and ﬂ}e conduit are sized and configured such t_hat
3:291’151 12/1966 Loken . after the maximum volume of first liquid has been with-
3,344;785 10/1967 Hamilton . drawn into the proximal reservoir and the blood has been

(List continued on next page.)

FOREIGN PATENT DOCUMENTS
1394570  4/1970 Australia .

0050459

1071981

European Pat. Off. .

0111723 11/1983 European Pat. Off. .

withdrawn into the distal reservoir, the maximum volume of
first liquid is substantially free from blood, and subsequent
displacement of the maximum volume of first liquid back
through the valve is sufficient to displace all the blood from
the syringe when the piston is advanced.

20 Claims, 13 Drawing Sheets




5,743,886

Page 2
U.S. PATENT DOCUMENTS 4,699,612 10/1987 Hamacher .
4,702,737 10/1987 Pizzino .

3,494,359 2/1970 Zackheim . 4,710,180 12/1987 Johnson .
3511239 5/1970 Tuschhoff . 4,715,854 12/1987 Vaillancourt .
3563240 2/1971 Silver. 4721506 1/1988 Teves .
3,680,558 8/1972 Kapelowitz . 4752292 61988 Lopez et al. .
3,730,170  5/1973 Michael . 4758225 7/1988 Cox .
3,807,119 4/1974 Shields . 4,759,756 7/1988 Forman .
3,835,835 9/1974 Thompson . 4,763,648 8/1938 Wyatt .
3,835,855 9/1974 Bam, Ir.. 4,776,843 10/1988 Martinez .
3,985,122 10/1976 Topham . 4,792,329 12/1988 Schreuder .
4,013,064  3/1977 Patel . 4,796,644 1/1989 Polaschegg .
4,014,328 3/1977 Cluffetal. . 4799494 1/19890 Wang .
4,051,852 10/1977 Villan . 4,830,013 5/1989 Maxwell .
4,058,121 11/1977 Choksi . 4,834,152 5/1989 Howson .
4,197,848  4/1980 Garrett et al. . 4,834,714 5/1989 Lascar .
4214779  7/1980 Losell . 4,838,855 6/1989 Lynn .
4219021 8/1980 Fink . 48383877 6/1989 Massau .
4276,880 7/1981 Malmin . 4,865,583 9/1989 Tu.
4335717 6/1982 Bujan . 4,911,705 3/1990 Heinzerding et al. .
4,364,383 12/1982 Vcelka . 4,920,970 5/1990 Wyatt .
4,437,858 3/1984 Ty. 4932944 6/1990 Jagger .
4,439,184 3/1984 Wheeler . 4941876 7/1990 Meyer .
4453934 6/1984 Gahwiler . 4979941 12/1990 Ogle .
4,464,174 8/1984 Ennis . 4,979,942 12/1990 Wolf .
4496,344 1/1985 Kamstra . 4,981,140 1/1991 Wyatt .
4,496,350 1/1985 Cosentino . 4986278 1/1991 Ravid .
4,578,063 3/1986 Inman et al. . 4,989,606 2/1991 Gehrich .
4,588,403 5/1986 Weiss et al. . 4,994,043 2/1991 Ysebaert .
4,601,703 7/1986 Herditze . 5,007,903 4/1991 Ellard .
4,609,371 9/1986 Pizzino . 5,048,537 9/1991 Messinger .
4,610,666 9/1986 Pizzino . 5,078,691 1/1992 Hamacher .
4,634,427 1/1987 Hannula . 5,102,388 4/1992 Richmond .
4,645491 2/1987 Evans . 5,125,892 6/1992 Drudik .
4,650,468 3/1987 Jennings . 5,147323 9/1992 Haber .
4,650,475 3/1987 Smith . 5,158,554 10/1992 Jepson et al. .
4,654,034  3/1987 Masters . 5324266 6/1994 Ambrisco et al. .
4,655,747  4/1987 Allen, Jr. . 5429610  7/1995 Vaillancourt ......esseeseess 604/191
4,666,438 5/1987 Raulerson . 5,549,569 8/1996 Lynn etal. .
4,673,386 6/1987 Gordon .
4,675004 6/1987 Hadford . OTHER PUBLICATIONS
:g;;%; Zigg; ?e Luccia . Intravenous Tubing Set (Terminal At One End).
675, erry . ] . :
4675017 6/1987 Sato . Silver et al. Evaluation Of A New Blood—C_onscrvmg Ax.te-
4685904 8/1987 Krebs . rial Line System For Patients In Intensive Care Units,

4,693,706  9/1987 Emnis, III . Critical Care Medicine, vol. 21, No. 4, pp. 507-511.



5,743,886

Sheet 1 of 13

Apr. 28, 1998

U.S. Patent

,

N

A.

>
|V £ L LKL Ll L

d

/

<t
N

FIG. |

FIG. 3

FIG. 2

62

58

22

120

104

109

100

116

o 14
FIG.5

e
60

8

FIG 4



U.S. Patent Apr. 28, 1998 Sheet 2 of 13 5,743,886

N N 38
N N\
N E/
5——=> i N
5 56 QP—_ _-—\/84
T \d o=
\ 104, NALEZ-NN 100
\ /
N
\
N 26 N
\b 58
N
N
18 111
A
/111 112 _/
112
/
N
N
; N
N 113’\:
N
! FIG. GA FIG, 6B

l\ \Qi_ | n ”42 \\
R




U.S. Patent Apr. 28, 1998
~ N
34~
SNE 50
\ (17
N 84
F— T3
80N~ k=82
5 3_____
N REG s
N
N—
N s s -
\
N-——— BLOOD
N_ _
1 S —
N
\)———_——
104 5____ 68
N

14 /18

NN SOSTS

111

-
S\

140

FIG. 6C

Sheet 3 of 13 5,743,886

|
130
"N
N
\
\ 34
N
N N
N
N
N
™
N
N
N
N
\
/]
N 38
N .
N
| T S—
\—.————_
- T =HK 66
N
FIG., 7/



5,743,886

Sheet 4 of 13

Apr. 28, 1998

U.S. Patent

6 914

052
8 914
304n0S
aIni4
HNSSIHd H3ONASNVHL
HOIH 34NSSIHd

o g

gll

— e e

ve 914

80c

HOLINOKW
OAIA X3

%
4

e ——-

60<c



U.S. Patent Apr. 28, 1998 Sheet 5 of 13 5,743,886

22
34N N
N S0
— 5
NAnea VA N
§ \\/44 SR §/48
N P g2 N
N A N \/
\/ e Q S Q 84
N L ]
RN \ 2Ry = R
2 N N N
80 N N g2 NH2 ___§<\
N e 78 ¥ ~ 50
118 4 N_ 60 IOB/ :

14 ¢

58

116




5,743,886

i

13

FIG.

Sheet 6 of 13

Apr. 28, 1998

YOI IIN4 : W\_,\_\\\
R
I
w N
T T
N
AU
| [
Y4 \m\\ NSNS
Q < ®
M © T}
w0 o
w o
( N
Yyl \_/\_\\_\\_\
._,: P
Ll
| O
T T 1 —
R
R N
[
Y I I 4

U.S. Patent

12

FIG.



U.S. Patent Apr. 28, 1998 Sheet 7 of 13 5,743,886

34

Il

38

‘2/00'
66

58

68

435
424
410
20
90”

_1’4
14

7
FIG.

(@)
2
\O
2y 2
N> Q =
=3 <
— <+
xro
Q>
&
N
] o N
D M
M
/—:{L*
¥




5,743,886

Sheet 8 of 13

Apr. 28, 1998

U.S. Patent

_/8

N\

116"

S0”

_
|
LLOLL 77

4\

w0
M 0]

3505

SALINE

S

16

FIG.

15

FIG.



5,743,886

Sheet 9 of 13

Apr. 28, 1998

U.S. Patent

LLLLL L L

4

\_\\\\\\
_
_
_

t_L

S

18

FIG.

17

FIG.



U.S. Patent Apr. 28, 1998 Sheet 10 of 13 5,743,886

< T )
AN
\
\ ,
EL
560 NF———=*————

550
= —=s70
20 z—-’— - 20

N
| (N4
520
19A
FIG. 18
570
N
L
560

05

040 544 574

FIG. 13A



~ Apr. 28, 1998 Sheet 11 of 13 5,743,886

U.S. Patent

[TZ77777 7 7AL
(1
!
A\
|

|
|
N |
N 777777777

14"

FI6G. 21

FIG. 20



U.S. Patent Apr. 28, 1998 Sheet 12 of 13 5,743,886

82" [T 1
500
84"\
510
505
544 L %500

530 540

520 S14

FIG. 22



U.S. Patent Apr. 28, 1998 Sheet 13 of 13
ﬁ
) 606
DRUG VOLUME u Al
SELECTOR
] J 604
T —————— ~
FLUSH VOLUME
SELECTOR 340
e
e 600
S _
\,& Ve
66"
88"' —\_—'
602

FIG. 23

5,743,886







































