
l|||||||||||||ll||l||||||||l|||||||||||||||||||||l|||||||||||||||||||||||||||||||||||||||| 
US 20030181794A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2003/0181794 A1 

Rini et al. (43) Pub. Date: Sep. 25, 2003 

(54) IMPLANTABLE SENSOR HOUSING, Publication Classi?cation 
SENSOR UNIT AND METHODS FOR 
FORMING AND USING THE SAME (51) Int. c1.7 ..................................................... .. A61B 5/00 

(52) U.S.C1. ............................................................ .. 600/300 

(76) Inventors: Christopher J. Rini, Raleigh, NC 
(US); Robert D. Black, Chapel Hill, 
NC (US) (57) ABSTRACT 

Correspondence Address: 
MYERS BIGEL SIBLEY & SAJOVEC An in vivo implantable sensor unit includes a glass sensor 
PO BOX 37428 housing de?ning an elongated chamber. Sensor electronics 
RALEIGH, NC 27627 (US) are disposed in the chamber. The sensor electronics are 

adapted to Wirelessly transmit data. The sensor unit is 
(21) Appl' NO‘: 10/353’857 con?gured to Wirelessly transmit data from an in vivo 
22 F1 (12 I 28 2003 position to a remote receiver over a period of at least four 

( ) 1 6 Jan ’ Weeks and the sensor housing is adapted to provide a 

Related US Application Data hermetic seal about the sensor electronics for a period of at 
least four Weeks. The hermetic seal is such that under a 

(60) Provisional application No. 60/352,912, ?led on Jan. helium mass spectrometer leak detection test the sensor 
29, 2002. housing has a leak rate that is less than about 10'8 atm-cc/s. 

100 

102 

II 
101 / " k '.l| 

.I' 

w '7 
v #1 
w ‘I 

I 

o o M‘ o ‘o 
0 0% 

u M 
0 I: o ‘o 



Patent Application Publication Sep. 25, 2003 Sheet 1 0f 15 US 2003/0181794 A1 

112 ‘I30 150 



Patent Application Publication Sep. 25, 2003 Sheet 2 0f 15 

240 

F 210 220 
230 

4 

242 Fig. 6 

110 



Patent Application Publication Sep. 25, 2003 Sheet 3 0f 15 US 2003/0181794 A1 



Patent Application Publication Sep. 25, 2003 Sheet 4 0f 15 US 2003/0181794 A1 

40 
400 

430 

446 



Patent Application Publication Sep. 25, 2003 Sheet 5 0f 15 US 2003/0181794 A1 

649 

0 

546 

540 



Patent Application Publication Sep. 25, 2003 Sheet 6 0f 15 US 2003/0181794 A1 



Patent Application Publication Sep. 25, 2003 Sheet 7 0f 15 US 2003/0181794 A1 

°l o c» 

d. 
o 
o: m g 

8 07 m 
o) 

o 
v 
0) 

C) 
N 

O) 
LL 

8] #\ 
0) K \ 

940 18 
910 



Patent Application Publication Sep. 25, 2003 Sheet 8 0f 15 US 2003/0181794 A1 

. 82 

33a 

one? mwmr @wow 



Patent Application Publication Sep. 25, 2003 Sheet 9 0f 15 US 2003/0181794 A1 

‘WWWWWWv 
. WWWQ‘QWQ‘), WXWWW igzmzwmaméw 

1250 

1112 

1120 1130 



Patent Application Publication Sep. 25, 2003 Sheet 10 0f 15 US 2003/0181794 A1 

1352 1354 
1314 

1310 1i) 
\ ‘-———28 

BQO 

1354 
1352 



Patent Application Publication Sep. 25, 2003 Sheet 11 0f 15 US 2003/0181794 A1 

51 +1 1374 

K1370 1350A 
1374 

Fig. 29 
0 

j 1351 
1351 1372 

/U 1310 



Patent Application Publication Sep. 25, 2003 Sheet 12 0f 15 US 2003/0181794 A1 

0. 9* I N 4' /! 1/120 2. 
m|||| IIII ||||||||1 

1351 wazj 



Patent Application Publication Sep. 25, 2003 Sheet 13 0f 15 US 2003/0181794 A1 

1352 ‘I352 

Fig. 31 



Patent Application Publication Sep. 25, 2003 Sheet 14 0f 15 US 2003/0181794 A1 

/1492 Fig. 33 

1494 



Patent Application Publication Sep. 25, 2003 Sheet 15 0f 15 US 2003/0181794 A1 

,-L-____-_-A__-______-_\ 

&______.._______.______v’ 

.EVENE 563v: mm ES 62% mm: ucm E5 $28.2 E> CQGEBE @255 8 ES 626w mm: 



US 2003/0181794 A1 

IMPLANTABLE SENSOR HOUSING, SENSOR 
UNIT AND METHODS FOR FORMING AND 

USING THE SAME 

RELATED APPLICATIONS 

[0001] The present application claims the bene?t of and 
priority from US. Provisional Application Serial No. 
60/352,912, ?led Jan. 29, 2002, the disclosure of Which is 
hereby incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates to sensors and, more 
particularly, to a sensor housing or a sensor unit Which may 
be implanted in the body of a human or other animal, and 
methods for forming and using the same. 

BACKGROUND OF THE INVENTION 

[0003] Sensors or markers may be implanted into the body 
of a human or other animal patient to facilitate diagnosis, 
treatment or identi?cation. The sensor or marker may 

include various electronics and a surrounding housing. For 
example, a sensor may include electronics as needed to 
detect or measure parameters of the surrounding environ 
ment. The sensor or marker may also include electronics for 
Wireless communication With a receiver unit located outside 
of the patient’s body. 

[0004] It is often desirable to maintain the sensor or 
marker as described above in a particular location or region 
in the patient. Migration of the sensor or marker may 
diminish the effectiveness of the sensor or marker to accu 
rately sense the desired parameters. 

[0005] The surrounding environment of the implanted 
sensor or marker can include physiological ?uid, cells and 
tissue. The surrounding ?uids or moisture from the sur 
rounding cells and/or tissue may hydrate the sensor, and this 
intruding moisture may promote corrosion of or otherWise 
damage or interfere With the operation of the aforemen 
tioned electronics. 

SUMMARY OF THE INVENTION 

[0006] According to embodiments of the present inven 
tion, an in vivo implantable sensor unit includes a glass 
sensor housing de?ning an elongated chamber. Sensor elec 
tronics are disposed in the chamber. The sensor electronics 
are adapted to Wirelessly transmit data. The sensor unit is 
con?gured to Wirelessly transmit data from an in vivo 
position to a remote receiver over a period of at least four 
Weeks and the sensor housing is adapted to provide a 
hermetic seal about the sensor electronics for a period of at 
least four Weeks. The hermetic seal is such that under a 
helium mass spectrometer leak detection test the sensor 
housing has a leak rate that is less than about 10-8 atm-cc/s. 

[0007] According to further embodiments of the present 
invention, an implantable sensor unit includes a tube de?n 
ing a chamber and an opening communicating With the 
chamber. Sensor electronics are disposed in the chamber. 
Epoxy is disposed in the chamber and surrounds the sensor 
electronics. The epoxy has an end surface adjacent the 
opening of the tube. An end plug is mounted in the opening 
of the tube. The end surface of the epoxy and the end plug 
de?ne a gap therebetWeen con?gured to insulate the sensor 
electronics. 
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[0008] According to still further embodiments of the 
present invention, an implantable sensor unit includes a tube 
de?ning an elongated chamber and an opening communi 
cating With the chamber. Sensor electronics are disposed in 
the chamber. An end plug is mounted in the opening of the 
tube. The end plug is spherically shaped. 

[0009] According to further embodiments of the present 
invention, an implantable sensor unit includes a tube de?n 
ing a chamber and an opening communicating With the 
chamber. Sensor electronics are disposed in the chamber. 
Epoxy is disposed in the chamber and surrounds the sensor 
electronics. The epoxy has an end surface adjacent the 
opening of the tube. The sensor unit further includes a 
retaining cap including at least one projection extending 
outWardly from the tube. The retaining cap is secured to the 
tube by the epoxy. 

[0010] According to embodiments of the present inven 
tion, an implantable sensor unit includes a sensor housing 
de?ning an elongated chamber. Sensor electronics are dis 
posed in the chamber. A retention device is mounted on the 
sensor housing. The retention device includes a band sur 
rounding a portion of the sensor housing and at least one 
projection secured to and extending from the band. 

[0011] According to further embodiments of the present 
invention, an implantable sensor unit includes a sensor 
housing having an outer surface and de?ning a chamber. 
Sensor electronics are disposed in the chamber. The sensor 
electronics are adapted to Wirelessly transmit data. A bio 
compatible anti-migration coating is disposed on the outer 
surface. The anti-migration coating is a Parylene C coating. 

[0012] According to still further embodiments of the 
present invention, an implantable sensor unit includes a 
sensor housing having an outer surface and de?ning a 
chamber. A bio-compatible anti-migration mesh layer is 
disposed on the outer surface. 

[0013] According to method embodiments of the present 
invention, a method for forming a sensor unit includes: 
inserting an uncured epoxy into a tube in a ?uid state; 
inserting sensor electronics into the uncured epoxy in the 
tube; evacuating air bubbles from the epoxy and the sensor 
electronics in the tube; and then curing the epoxy. 

[0014] According to further method embodiments of the 
present invention, a method for forming a sensor unit 
includes: inserting an uncured epoxy in a ?uid state into a 
tube through an opening in the tube; inserting sensor elec 
tronics into the uncured epoxy; curing the epoxy such that 
the epoxy stabiliZes the sensor electronics; and sealing the 
opening in the tube to form a hermetically sealed tube. 

[0015] According to further method embodiments of the 
present invention, a method for forming a sensor unit 
includes: providing a sensor housing having an outer surface 
and de?ning a chamber; providing sensor electronics in the 
chamber, Wherein the sensor electronics are adapted to 
Wirelessly transmit data; and applying a bio-compatible 
anti-migration coating to the outer surface of the sensor 
housing using a plasma polymeriZation thin ?lm deposition 
technique. 

[0016] According to further method embodiments of the 
present invention, a method for forming a sensor unit 
includes: providing a sensor housing having an outer surface 
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and de?ning a chamber; providing sensor electronics in the 
chamber, Wherein the sensor electronics are adapted to 
Wirelessly transmit data; and applying a bio-compatible 
anti-migration coating to the outer surface of the sensor 
housing, Wherein the anti-migration coating is a Parylene C 
coating. 
[0017] According to further method embodiments of the 
present invention, a method for forming a sensor unit 
includes: applying a bio-compatible anti-migration mesh 
layer to an outer surface of a sensor housing. 

[0018] According to further embodiments of the present 
invention, an implantable sensor unit includes a sensor 
housing having an outer surface. A bio-compatible anti 
migration layer surrounds at least a portion of the outer 
surface of the sensor housing. The anti-migration layer is 
formed of a textile material. 

[0019] According to further method embodiments of the 
present invention, a method for forming an implantable 
sensor unit includes: providing a sensor housing; and plac 
ing a bio-compatible anti-migration layer over the outer 
surface of the sensor housing, the anti-migration layer being 
formed of a textile material. 

[0020] According to further embodiments of the present 
invention, an implantable sensor unit includes a sensor 
housing having an end and de?ning a chamber. Sensor 
electronics are disposed in the chamber. A holding tab 
extends from the end of the housing. The holding tab is 
adapted to facilitate handling of the housing. 

[0021] According to further method embodiments of the 
present invention, a method for implanting an implantable 
sensor unit in a body, the sensor unit including a sensor 
housing, includes handling the sensor housing in the body 
using a holding tab extending from an end of the housing. 

[0022] According to further method embodiments of the 
present invention, a method for using an implantable sensor 
unit in a body includes: implanting the sensor unit in the 
body; conducting an imaging procedure on the body such 
that the sensor unit in the body serves as a ?ducial marker; 
detecting a parameter using the sensor unit in the body; and 
transmitting data associated With the detected parameter 
from the sensor unit to a remote receiver unit. 

[0023] According to still further embodiments of the 
present invention, an implantable sensor unit includes a 
sensor housing having an outer surface. A bio-compatible 
anti-migration layer surrounds at least a portion of the outer 
surface of the sensor housing. The anti-migration layer is 
formed of a heat shrinkable thermoplastic material. 

[0024] According to further method embodiments of the 
present invention, a method for forming a sensor unit 
includes: providing a sensor housing having an outer surface 
and de?ning a chamber; providing sensor electronics in the 
chamber, Wherein the sensor electronics are adapted to 
Wireless transmit data; placing a bio-compatible anti-migra 
tion layer about the sensor housing, Wherein the anti 
migration layer is formed of a heat shrinkable thermoplastic 
material; and heating the anti-migration layer to shrink the 
anti-migration layer about the sensor housing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
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embodiments of the invention and, together With the 
description, serve to explain principles of the invention. 

[0026] FIG. 1 is a perspective vieW of a sensor unit 
according to embodiments of the present invention; 

[0027] FIG. 2 is a perspective vieW of a plug forming a 
part of the sensor unit of FIG. 1 according to embodiments 
of the present invention; 

[0028] FIG. 3 is an exploded, cross-sectional vieW of the 
sensor unit of FIG. 1 taken along the line 4-4 of FIG. 1; 

[0029] FIG. 4 is a cross-sectional vieW of the assembled 
sensor unit of FIG. 1 taken along the line 4-4 of FIG. 1; 

[0030] FIG. 5 is a cross-sectional vieW of a sensor unit 
according to further embodiments of the present invention; 

[0031] FIG. 6 is a perspective vieW of a plug forming a 
part of the sensor unit of FIG. 5; 

[0032] FIG. 7 is an exploded, cross-sectional vieW of a 
sensor unit according to further embodiments of the present 
invention; 

[0033] FIG. 8 is a perspective vieW of a plug forming a 
part of the sensor unit of FIG. 7; 

[0034] FIG. 9 is a cross-sectional vieW of the assembled 
sensor unit of FIG. 7; 

[0035] FIG. 10 is an exploded, cross-sectional vieW of a 
sensor unit according to further embodiments of the present 
invention; 
[0036] FIG. 11 is a perspective vieW of a cap forming a 
part of the sensor unit of FIG. 10; 

[0037] FIG. 12 is a cross-sectional vieW of the assembled 
sensor unit of FIG. 10; 

[0038] FIG. 13 is a cross-sectional vieW of a sensor unit 
according to further embodiments of the present invention; 

[0039] FIG. 14 is a cross-sectional vieW of a sensor unit 
according to still further embodiments of the present inven 
tion; 

[0040] FIG. 15 is a cross-sectional vieW of a sensor unit 
according to additional embodiments of the present inven 
tion; 

[0041] FIG. 16 is a perspective vieW of a sensor unit 
according to yet further embodiments of the present inven 
tion; 

[0042] FIG. 17 is a cross-sectional vieW of the sensor unit 
of FIG. 16 taken along the line 17-17 of FIG. 16; 

[0043] FIG. 18 is a perspective vieW of a retention cap 
forming a part of the sensor unit of FIG. 16; 

[0044] FIG. 19 is a cross-sectional vieW of a sensor unit 
according to further embodiments of the present invention; 

[0045] FIG. 20 is an exploded, cross-sectional vieW of the 
sensor unit of FIG. 19; 

[0046] FIG. 21 is a perspective vieW of a spherical plug 
forming a part of the sensor unit of FIG. 19; 

[0047] FIG. 22 is a cross-sectional vieW of a sensor unit 
according to further embodiments of the present invention; 
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[0048] FIG. 23 is a perspective vieW of a retention device 
forming a part of the sensor unit of FIG. 22; 

[0049] FIG. 24 is an exploded, side elevational vieW of 
the sensor unit of FIG. 22; 

[0050] FIG. 25 is a cross-sectional vieW of a sensor unit 
according to further embodiments of the present invention; 

[0051] FIG. 26 is a perspective vieW of a sensor unit 
according to further embodiments of the present invention; 

[0052] FIG. 27 is a side vieW of a sensor unit according 
to further embodiments of the present invention; 

[0053] FIG. 28 is a cross-sectional vieW of the sensor unit 
of FIG. 27 taken along the line 28-28 of FIG. 27; 

[0054] FIG. 29 is a schematic vieW of an apparatus for 
forming the sensor unit of FIG. 27; 

[0055] FIG. 30 is a schematic vieW of a further apparatus 
for forming the sensor unit of FIG. 27; 

[0056] FIG. 31 is a partial, fragmentary, enlarged perspec 
tive vieW of the sensor unit of FIG. 27 being held by an 
instrument in a canula; 

[0057] FIG. 32 is a partial, fragmentary, schematic vieW 
of the sensor unit of FIG. 27 implanted in a body and 
secured to tissue of the body by a suture; 

[0058] FIG. 33 is a schematic vieW of an imaging system 
employing a sensor unit according to embodiments of the 
present invention; 

[0059] FIG. 34 is a How chart representing operations for 
using an implantable sensor unit in an imaging procedure 
according to embodiments of the present invention; and 

[0060] FIG. 35 is a side vieW of a sensor unit according 
to further embodiments of the present invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

[0061] The present invention noW Will be described more 
fully hereinafter With reference to the accompanying draW 
ings, in Which embodiments of the invention are shoWn. This 
invention may, hoWever, be embodied in many different 
forms and should not be construed as limited to the embodi 
ments set forth herein; rather, these embodiments are pro 
vided so that this disclosure Will be thorough and complete, 
and Will fully convey the scope of the invention to those 
skilled in the art. Like numbers refer to like elements 
throughout. In the ?gures, layers, components or regions 
may be exaggerated for clarity. 

[0062] As used herein, “textile material” means an article 
having structural integrity resulting from forced interasso 
ciation of a plurality of ?bers, ?laments, or strands, the 
forced interassociation resulting from processes such as 
Weaving, knitting, braiding, needling hydroentangling, 
chemical coating or impregnation, autogenous bonding (i.e., 
heat- and/or pressure-promoted Welding or solvent bonding) 
or felting. 

[0063] As used herein, “multi-?lament textile material” 
means a textile material having structural integrity resulting 
from forced interassociation of a plurality of ?laments. 
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[0064] As used herein, “braided material” means a textile 
material in Which one or more yams, ?laments or strands 

pass alternately over or under one or more other strands; or 
in Which one or more strands half-tWist alternately about tWo 
or more adjacent strands. 

[0065] A desired function for an implantable sensor may 
be to sense a physical parameter and transmit this informa 
tion for analysis. HoWever, these parameters may only be 
interpreted With meaning if the sensor is in a speci?c 
location in the body. With this limitation, a design parameter 
for the device may be to keep the sensor in a desired location 
so that it is retained at the target implant site. The present 
invention may satisfy certain design parameters not only to 
ensure the safety of such a device, but also to produce 
reliable data from a speci?c implant location for a prolonged 
time period. The present invention may meet the more 
stringent regulations imposed on devices for use in humans. 
The present invention may also insure compatibility of 
tissue/blood contacting materials as Well as device function 
compliance and approval. Embodiments of the invention 
include materials selection for bio-compatibility and func 
tion, moisture resistant design of components used for 
hermetic sealing, as Well as novel means for retaining the 
implant in a desired location. 

[0066] In certain embodiments, the sensor units of the 
present invention may be implanted (e.g., injected) into 
various tissues of any animal subject, preferably mammalian 
subjects (e.g., humans, canines, felines, bovines, caprines, 
ovines, equines, rodents, porcines, and/or lagomorphs), and 
more preferably human subjects. The sensor units may be 
cost-effectively manufactured and implanted in or otherWise 
positioned at desired locations in or proximate to tissues or 
organs in the body and may be particularly suitable to 
position adjacent or in cancerous tumors. 

[0067] The sensor units described herein are particularly 
Well-suited for use in monitoring systems, methods, and 
associated devices as disclosed in US. Pat. No. 6,402,689 
issued Jun. 11, 2002, the disclosure of Which is hereby 
incorporated herein by reference in its entirety. As described, 
the sensor unit can dynamically monitor multiple tumor 
physiological and biological parameters and/or changes 
associated With tumors to identify enhanced or favorable 
treatment conditions to thereby establish a patient-speci?c 
treatment delivery time or patient-speci?c treatment. The 
methods disclosed in US. Pat. No. 6,402,689 include meth 
ods of monitoring at least one physiological parameter 
associated With a tumor in a subject undergoing medical 
treatment With an in vivo sensor. Data associated With at 
least one monitored physiological parameter is Wirelessly 
transmitted from an in vivo sensor to a receiver external of 
the subject. The transmitted data is analyZed and processed 
into meaningful parameters that may indicate hoW the tumor 
is responding to treatment. Additional data is transmitted 
and analyZed periodically at a plurality of sequential points 
in time, and a tumor treatment strategy is evaluated based on 
the analyZing step. The sensor units of the present invention 
can be used to monitor, in substantially real time and/or 
dynamically, speci?c indices associated With tumor physi 
ology making monitored data available for immediate use in 
treatment decisions. Thus, the sensor units may be used to 
provide suf?cient ongoing, and preferably substantially real 
time, information pertaining to the physiological and/or 
biological condition of the tumor during a treatment period 
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in a manner that provides the information to the physician to 
allow the physician to make informed therapeutic decisions. 

[0068] Moreover, the sensor units of the present invention 
may be used in the in vivo evaluation and monitoring of 
tumors prior to, during, and subsequent to an active treat 
ment, and preferably over an entire treatment regime or 
period. That is, the sensor units are particularly suitable for 
monitoring the behavior of cancerous tumors such as sar 
comas and carcinomas over a particular non-remission treat 
ment period. As such, the sensor units of the present inven 
tion are preferably con?gured to be bio-compatible and 
provide at minimum a service life suitable for episodic 
treatment evaluation of at least about 4-6 Weeks, and more 
preferably at least about 6-10 Weeks, and still more prefer 
ably at least about 10-12 Weeks, Whether exposed to radia 
tion, chemotherapy, heat or ionic electric ?elds (such as the 
treatment provided by a Thermotron® machine) directed to 
the tumor. 

[0069] With reference to FIGS. 1-4, a sensor unit accord 
ing to embodiments of the present invention is shoWn 
therein and generally designated by the number 100. The 
sensor unit 100 includes generally a sensor housing 101 
(FIG. 1), and sensor electronics 120 and epoxy 130 disposed 
Within the sensor housing 101. The sensor housing 101 
includes a tube 110, a plug 140 and an optional anti 
migration coating 150 disposed over a portion or all of the 
outer surface of the sensor unit 100. 

[0070] In certain embodiments, the tube 110 is cylindri 
cally shaped and siZed for injection through a trocar/cannula 
assembly, syringe or catheter, for example, into human 
tissue. The tube 110 de?nes an interior chamber 112. The 
tube 110 has a tapered or rounded, closed end 114 (FIG. 3) 
to facilitate easier entry into the target tissue (e.g., the 
tumor). As shoWn in FIG. 3, the tube 110 further has an open 
end 116 opposite the closed end 114. The rim at the open end 
116 is preferably smooth and de?nes an opening 118 Which, 
in the absence of the plug 140, ?uidly communicates With 
the chamber 112. Preferably, the length A (FIG. 1) of the 
tube 110 is betWeen about 10 and 27 mm. In certain 
embodiments, the inner diameter E (FIG. 3) of the tube 110 
can be betWeen about 1.5 and 2.5 mm. While the Wall 
thickness of the tube 110 can be betWeen about 0.15 and 0.56 
mm. Similarly, the chamber 112 can have a volume of 
betWeen about 16 and 127 mm3. 

[0071] The tube 110 can be formed of a bio-compatible 
material. In certain embodiments, the tube 110 is formed of 
a bio-compatible silicate, preferably a bio-compatible glass. 
Suitable bio-compatible glasses include, for example, glass 
as described in US. Pat. No. 5,121,748 to DitZ et al. 
(assigned to Schott GlasWerke of Germany). Preferably, the 
entire sensor unit 100 is steriliZed using a means that does 
not adversely affect the sensor’s electronic components or 
housing materials before being injected or implanted. 

[0072] The sensor electronics 120 are disposed in the 
chamber 112. The sensor electronics 120 may include suit 
able components to measure temperature, level of oxygen 
ation, cell proliferation, tumor or normal tissue pH, exter 
nally generated radiation and/or radiolabeled substances. 
The sensor unit 100 may include components suitable to 
provide a telemetry link to Wirelessly communicate With an 
remotely or externally located receiver. The sensor electron 
ics 120 may include various electronics such as those 
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described in US. Pat. No. 6,402,689 and in PCT Interna 
tional Application No. PCT/US00/08310, ?led Mar. 9, 2000, 
the disclosures of Which are hereby incorporated herein in 
their entireties by reference. Accordingly, the electronic 
components 120 described herein are exemplary and are not 
exhaustive of the components Which may be housed in the 
sensor unit 100. As illustrated, the sensor electronics 120 
include a printed circuit board (PCB) or integrated circuit 
(IC) chip 124 including circuitry operative to measure and 
process the desired environmental and physical parameter(s) 
(e.g., pH, gamma radiation, and ?uorescence). The circuitry 
may include a poWer source such as a battery. An antenna 
portion 122 is positioned above the IC 124. The antenna 
portion 122 may be formed to include a cylindrically 
Wrapped antenna coil. Other antenna con?gurations can also 
be used as is knoWn to those of skill in the art. The antenna 
portion 122 is joined to the IC 124 at a juncture 121. 

[0073] As shoWn in FIG. 3, the sensor electronics 120 can 
be substantially entirely surrounded by the epoxy 130, 
Which is cured to a non-?oWable or solid state. Preferably, 
the epoxy 130 ?lls a predominant portion, but less than all 
of the chamber 112. More preferably, as shoWn in FIG. 4, 
the upper surface 132 of the cured epoxy is disposed beloW 
the end 116 a length D of betWeen about 2 and 8 mm. The 
volume of epoxy 130 may surround all or portions of the 
circuit board 124 and/or the antenna portion 122. Preferably, 
the epoxy 130 surrounds or encapsulates at least a portion of 
the antenna portion 122 and all of the juncture 121 in order 
to stabiliZe and secure the electronic portions 122 and 124 to 
one another. The volume may be dependent on the method 
of sealing the housing. 

[0074] The epoxy 130 can be USP Class VI epoxy mate 
rial. Suitable epoxy materials include Product No. EPO 
PEK301-2 available from Epoxy Technology Incorporated 
of Billerica, Mass. 

[0075] As shoWn in FIG. 2, the plug 140 is substantially 
solid and cylindrical, and has blunt (i.e., ?at) opposed end 
surfaces 142 and 144. Preferably, the plug 140 is formed of 
the same glass material as the tube 110. The length B (FIG. 
3) of the plug can be betWeen about 4 and 8 mm. The 
diameter C (FIG. 3) of the plug 140 is preferably substan 
tially the same as the inner diameter E of the tube 110. 

[0076] The anti-migration coating 150 is disposed on an 
exterior surface of the tube 110. The anti-migration coating 
150 is a selected coating adapted to inhibit signi?cant 
migration of the sensor unit 100 When the sensor unit 100 is 
positioned in the targeted tissue. Preferably, the coating 150 
is bio-compatible, and more preferably a Class VI medical 
grade coating. Preferably, the coating 150 promotes attach 
ment of live tissue to the coated tube 110. The anti-migration 
coating 150 may be a polymer coating, preferably a Parylene 
C conformal coating, an epoxy coating or a polypropylene 
coating. In certain embodiments, the anti-migration coating 
150 has a higher coefficient of friction in an in vivo 
environment than the underlying tube 110. The coating 150 
may be hydrophobic. If desired, the anti-migration coating 
150 may be omitted from the sensor unit 100 and from each 
of the sensor unit embodiments described beloW. The anti 
migration coating 150 may cover all or a portion less than all 
of the outer surface of the tube 110. 

[0077] The sensor unit 100 may be assembled in the 
folloWing manner. Avolume of uncured epoxy 130 material 
















