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[57] ABSTRACT 

A support for a biomedical implant device in which the 
support has a surface layer composed of a biocompati 
ble calcium phosphate material such as sintered hy 
drmyapatite with a porosity of 50-60% and pore size of 
0.5-500 micrometers Preferably‘. the surface layer is 
formed with projections or recesses of a few hundred 
micrometers size. 

24 Claims. 4 Drawing Sheets 



US. Patent Aug. 18,1992 Sheet 1 of4 Re. 34,037 

FIG. I 
PRIOR ART 17/ 

FIG. 2 

FIG. 6A FIG. 6B 

\\ f M, N}, 

rlllllli 



U.S. Patent Aug. 18, 1992 Sheet 2 of 4 Re. 34,037 

4 FIG. 

5 FIG. 



US. Patent Aug. 18,1992 Sheet 3 of4 Re. 34,037 



US. Patent Aug. 18, 1992 Sheet 4 0:4 Re. 34,037 

FIG. 9 
4 2 

' IIIIIIII/I 
1 ‘6 

L S A ‘r 5 

' 

I 
’ 

'II/l/l/I/A 

FIG. 7 IA 
x 17 o<-17 x 

L -18 19 1 
-——— . 5 - 

17 \\\\\\ 09-17 

FIG. I78 
15 1a 



Re. 34,037 
1 

SUPPORT FOR BIOMEDICAL IMPLANT DEVICE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

I. Field of the Invention 
The present invention relates to a support for retain 

ing biomedical implant devices such as a catheter for 
peritoneal dialysis. an extracorporeal shunt for hemodis 
alysis. a tube for an ascites recirculation circuit. a drain 
tube. an air tube for an arti?cial heart. an electric circuit 
tube. and drug reservoir to be implanted under the skin. 
In particular. the present invention relates to a support 
for such biomedical implant devices that manifests en 
hanced biocompatibility and which allows them to be 
retained in the body over a prolonged period without 
permitting bacterial ingress. 

2. Background of the Invention 
An example ofthe support conventionally used to ?x 

a biomedical implant device in the human body is a cuff 
which is used with a catheter for peritoneal dialysis. As 
shown in FIG. 1. a catheter 1 is inserted through the 
skin 10 ofthe patient. the subcutaneous layer of fat 11. 
the fascia 12. the muscular tunic I3 and the peritoneum 
14. The catheter I is retained in the body so as to permit 
injection or discharging ofa dialyzing solution through 
the catheter I. In this case. a cuff 2 attached to the 
catheter I is used as a support for functionally retaining 
the catheter 1 in the body over an extended period and 
is generally sutured in living tissues at the end of a 
surgical operation. The cuff 2 is typically made of such 
materials as knitted or unknitted fabrics of synthetic or 
natural fibers. plastic or plastic film. 
Another prior art biomedical implant device pro 

posed to date is a drug reservoir for subcutaneous im 
plantation. As shown in FIG. 2. a reservoir 15 is im 
planted below the skin layer 10 and is composed of a 
drug cell 16. Holes 17 on projections guide a retaining 
thread (suture). The intended drug is injected into the 
cell 16 through a silicone or synthetic rubber wall 18. A 
silicon tube 19 serves as a passage for introducing the 
drug into the affected site of part of the body such as a 
blood vessel or muscle. Stability of the retained reser 
voir 15 is required for a prolonged period in order to 
allow for periodic supply of the drug into the reservoir 
through the wall 18 with syringe. 

Conventional supports such as cuffs that are formed 
of cellulosic or synthetic ?bers. plastics, titanium or 
silicone resins show poor biocompatibility and poor 
adhesion to living tissues because of the nature of their 
constituent materials. As a result. during prolonged use 
of biomedical implant devices within the body. they 
might be displaced in position or bacterial ingress may 
occur in the gap between the device and the surround 
ing tissues. 

SUMMARY OF THE INVENTION 

A general object of the invention is to eliminate the 
above described problems in a biomedical implant de 
vice. 
A particular object. therefore. of the present inven 

tion is to provide a support for biomedical implant de 
vice that affords enhanced adhesion to tissues and al 
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2 
lows the implanted biomedical device to be retained 
stably in the body without permitting bacterial ingress. 

Another object oftlic present invention is to provide 
a support which. in addition to the enhanced adhesion 
to surrounding tissues. permits the tissue to be anchored 
in the support. with subsequent increase in the stability 
of the support in the body. 
A further object ofthe present invention is to provide 

a support possessed of increased strength and enhanced 
adhesion to the biomedical implant device. 
These objects are achieved by a biomedical implant 

device having a support made of a biocompatible cal 
cium phosphate compound as the material ofthe surface 
layer. The calcium phosphate material may be porous, 
thereby allowing anchoring of the tissue. To provide 
strength. the support is made in multiple layers. The 
porous or solid support may have in its surface many 
recesses formed by etching. ion milling or other tech 
niques. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sketch of a conventional catheter with a 
cuff in the implanted state. 

FIG. 2 is a sketch ofa conventional drug reservoir in 
the subcutaneously implanted state. 
FIGS. 3. 7. 8A and 8B and 9 are cross-sectional views 

of cuffs according to four embodiments of the present 
invention. 
FIGS. 4 to 6 are pictorial representations of supports 

for biomedical implant device in the state where they 
adhere to surrounding tissues. 

FIG. 10 is a sketch showing a cross section of the 
surface layer of a cuff according to a fifth embodiment 
ofthc present invention. 
FIGS. 11A and 11B are a plan and a cross-sectional 

view. respectively. of a drug reservoir to be implanted 
under the skin according to a sixth embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

The support for biomedical implant device of the 
present invention is hereinafter described in detail. FIG. 
3 shows a cuff 2 prepared in accordance with one em 
bodiment ofthe present invention. A catheter 1 made of 
a plastic or some other suitable material is connected to 
the cuff 2 that is formed of a biocompatible calcium 
phosphate material such as sintered hydroxyapatite, 
bioglass or sintered tricalcium phosphate (TCP). The 
cuff 2 which is formed of sintered hydroxyapatite can 
be prepared from a hydroxyapatite powder by the fol 
lowing procedure. A hydroxyapatite powder compris 
ing irregularly shaped particles of 0.1-] pm in average 
size is blended with a hydroxyapatite powder compris 
ing spherical particles of 2-20 urn in average size. The 
blend is intimately mixed with water and a blowing 
agent. The mix is expanded and dried in a thermostatic 
dryer. A suitable blowing agent is an aqueous solution 
of hydrogen peroxide or egg albumin. 
The so prepared porous hydroxyapatite is machined 

into a cuff-shaped structure which is ?red at a tempera 
ture of l,000'-l.250° C. to produce the intended cuff 2. 
The cuff has a porosity of 5-60‘7r. preferably 20-40%, 
with the pore size being adjusted to 0.5-500 pm, prefer 
ably 5-200 pm. The value ofthe porosity is determined 
by comparing the density of the solid material with that 
of the porous material. The percentage difference is the 
porosity and represents generally the volume percent 
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age of voids. The cuff Z is then joined to a catheter 1 
which is implanted in the body. Such a cuff exhibits 
good biocompatibility while it is being gradually fused 
to surrounding tissues with time. Any bacterial ingress 
that might occur via the outer surface of the catheter is 
completely prevented at least by the cuff 2. with the 
result that the catheter 1 can be stably retained in the 
body over a prolonged period. 
Adjustment of the porosity and pore size of the cuff 

to the above-specified values ensures spontaneous for 
mation of small voids in its surface with the result that 
the effective surface area of the cuff 2 is sufficiently 
increased to provide enhanced adhesion to the sur 
rounding tissues. If the porosity of the cuff is less than 
5%. strong adhesion to the surrounding tissues is not 
attained. If the porosity exceeds 60%. the strength of 
the cuff2 is drastically decreased. lfthe pore size ofthe 
cuff is less than 0.5 pm. tissue cells are unable to enter 
the cuffthrough voids. lfthe pore size exceeds 500 pm. 
the desired anchoring of tissues in the porous structure 
of the cuff cannot be attained. 
FIGS. 4. 5 and 6 show that the adhesion between the 

cuff and surrounding tissues increases as the porosity of 
the cuff increases. As can be seen from the comparison 
of FIG. 4 (20¢? porosity). FIG. 5 (30‘? porosity) and 
FIG. 6 (569? porosity). strong adhesion is imparted by 
the tissues (colored portion) penetrating into the sin' 
tered hydrosy apatite (white portion). 
FIGS. 7 shows a cuff according to a second embodi 

ment ofthe present invention. A catheter 1 is connected 
to a cuff 2. The surface of the cuff 2 is provided with 
small projections 3 (5—l.000 pm in height) that are 
formed by cutting or some other machining technique. 
The cuff 2 having such small projections 3 on its surface 
serve as a brake or impediment resisting movement 
when it is implanted in the body. Therefore. the cuff 2 
with the projections 3 allows the catheter I to be se 
curely fired in the body right after it has been implanted 
by a surgical operation. 
FIGS. 8A and 8B show a cuff according to a third 

embodiment of the present invention. A catheter 1 is 
connected to a cuff 2 that is provided with holes 3 for 

‘ facilitating post-operational suturing. Two variations of 
such a cuff 2 are shown in the two drawings. 
FIG. 4 shows a cuff according to a fourth embodi 

ment ofthe present invention. A catheter l is connected 
to a cuff 2 that is composed ofa surface-layer portion 4 
and an inner-layer portion 5. The surface-layer portion 
4 is formed ofa biocompatible calcium phosphate mate 
rial having a comparatively high porosity. The inner- . 
layer portions 5 is formed of a biocompatible calcium 
phosphate material having a comparatively low poros— 
ity. The inner-layer portion 6 may be formed on other 
materials such as titanium. alumina and plastics and. if 
plastic materials are used. greater facility is ensured 
when connecting the cuff 2 to the catheter 1. The ad 
vantage of this fourth embodiment is that the inner 
layer portion 6 imparts a greater strength to the cuff 2 
so that the catheter 1 can be stably retained within the 
body. 
FIG. 10 shows a cuff according to a fifth embodiment 

of the present invention. A catheter 1 is connected to a 
cuff 2 that is prepared from sintered hydroxyapatite 
which is surface-treated by etching or ion milling to 
form recesses 7 in its surface having diameters of 
0.5-500 pm. The multiple recesses 7 help increase the 
surface area of the cuff 2 so as to provide further en 
hanced adhesion to surrounding tissues. The concept of 
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4 
this embodiment is applicable not only to the case 
where the cuff 2 has a solid structure but also to the case 
where it is made ofa porous structure. If recesses 7 are 
formed iii the porous surface that has been attained by 
the sintering described above, the resulting cuff 2 pro~ 
vides not only good adhesion to surrounding tissues but 
also effective anchoring of the issue in the porous sur 
face of the cuff 2. thereby ensuring greater stability of 
the catheter in the body. 

FIGS. 11A and 118 shows a drug reservoir to be 
implanted under the skin according to a sixth embodi 
ment of the present invention. Components which are 
the same as those shown in FIG. 2 are identified by like 
numerals. The reservoir 15 is surrounded by a casing 20 
that has holes 17 for suturing. The casing 20 is formed of 
a biocompatible calcium phosphate material. Any of the 
techniques employed in the above-described ?rst to 
fifth embodiments is applicable to the casing 20 so that 
it will display sufficient biocompatibility and adhesion 
to the surrounding tissues to ensure that the reservoir 15 
is stably retained in the body over a prolonged period. 
As described in the foregoing pages. the support for 

biomedical implant device of the present invention is 
made of a biocompatible calcium phosphate material 
either entirely or at least in the part which is to contact 
surrounding tissues when the device is implanted in the 
body. As a result. the support has improved adhesion to 
the living tissues and allows the implanted biomedical 
device to be stably retained in the body without permit 
ting bacterial ingress. 

“'hat is claimed is: 
l. A biomedical implant device for implantation 

within tissue ofa body, comprising: a support having a 
surface layer to be contacted with said tissue and com 
posed of a biocompatible calcium phosphate material; 
and a medically operative part at least partially enclosed 
by said surface layer. 

2. A biomedical implant device as recited in claim 1. 
wherein said calcium phosphate material is sintered 
hydroxyapatite. 

3. A biomedical implant device as recited in claim 1. 
wherein said calcium phosphate material has a porosity 
of 5-609}. 

4. A biomedical implant device as recited in claim 3 
wherein said porosity is in a range of 20-40%. 

5. A biomedical implant device as recited in claim 2. 
wherein said calcium phosphate material has a porosity 
of 5-60%. 

6. A biomedical implant device as recited in claim I, 
wherein said calcium phosphate material has a porosity 
of 5-60% and has voids with an average pore size of 
05-500 micrometers. 

7. A biomedical implant device as recited in claim 6, 
wherein said average pore size is 5-200 micrometers. 

8. A biomedical implant device as recited in claim 2, 
wherein said calcium phosphate material has a porosity 
of 54507: and has voids with an average pore size of 
05-500 micrometers. 

9. A biomedical implant device as recited in claim 8. 
wherein said average pore size is 5-200 micrometers. 

10. A biomedical implant device as recited in claim 1. 
wherein said support further comprises at least one 
inner layer inside said surface layer of a material of 
greater strength than said surface layer. 

1]. A biomedical implant device as recited in claim 
10. wherein said inner layer comprises sintered hy 
droxyapatite with a porosity signi?cantly less than that 
of said surface layer. 
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12A biomedical implant device as recited in claim I. 
\\ herein said surface layer includes a plurality of surface 
projections havingI a i.“ cragc height of 5-1000 microme 
ters. 

13. A biomedical implant device as recited in claim 5. 
wherein said surface layer includes a plurality of surface 
projections having heights of 5-1000 micrometers. 

14. A biomedical implant device as recited in claim 1. 
wherein said surface layer includes a plurality ofsurl'ace 
recesses having diameters of 05-500 micrometers. 

15. A biomedical implant device as recited in claim 5. 
wherein said surface layer includes a plurality ofsurt'ace 
recesses having diameters of 05-500 micrometers. 

16. A biomedical implant device as recited in claim I. 
wherein said medically operative part comprises a cath 
eter and said support acts as a cutT surrounding said 
catheter. 

17. A biomedical implant device as recited in claim I. 
wherein said medically operative part comprises a drug 
reservoir and said support at least partially covers said 
drug reservoir. 

l8. .4 biomcdical implant device for implantation within 
the tissues of a body. comprising; a support in the form of 
a cuff having a surfact- layer to be contacted with said 
tissues and composed of a biocompatiblc calcium phos 
phate matcrial. 

l9. .4 biomedical implant device for implantation within 
the tissues of a body. comprising.‘ a support having a surface _ 
layer to be contacted with said tissues and composed of a 
biocompatiblc calcium phosphate material. .t'aid support 
being in the form ofa catheter cuff said cuff including 
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6 
?xing means which. in use. operates to stably retain a 
catheter within the body. 

.70. .-l drug reservoir device for implantation within the 
body of a drug recipient. comprising: a drug reservoir. a 
casing formed of a biocompatibla calcium phosphate mate 
rial and substantially covering at least one surface of said 
reservoir and being in contact with tissues of the body in 
use. a drug entry location for receiving quantities of a drug 
to be delivered to the body. and a drug exit location 
through which said drug is supplied to the body. 

2]. A biomedical implant device for implantation within 
the tissues of a body. comprising: a support in the form of 
a catheter cuff having a surface layer to be contacted with 
said tissues and composed of a biocompatible calcium 
phosphate material. 

22. A biomedical implant device for implantation within 
the tissues of a body. comprising.‘ a support having a surface 
layer to be contacted with said tissues and composed of a 
biocompatiblc calcium phosphate material. said support 
being in the form of a cu?I said cuff including ?xing 
means which. in use. operates to stably contact a member to 
be held in place in the body by said cuff 

23. A device as claimed in claim 22. wherein said fixing 
means includes an interior surface of said cuff 

24. .4 drug reservoir device for implantation within the 
body of a drug rccipicnt. comprising: a drug reservoir. a 
caring formed of a biocompatible calcium phosphate mate 
rial and substantially covering a surface of said reservoir 
and being in contact with tissues of the body in use. a drug 
entry location for receiving quantities of a drug to be deliv 
ered to the body. and a drug exit location through which 
said drug is supplied to the bod y. 
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