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(57) ABSTRACT 

The present invention generally relates to devices and tech 
niques associated With diagnostics, therapies, and other appli 
cations, including skin-associated applications, for example, 
devices for delivering and/ or Withdrawing ?uid from sub 
jects, e.g., through the skin. In some embodiments, the device 
includes a system for accessing an extractable medium from 
and/or through the skin of the subject at an access site, and a 
pressure regulator supported by a support structure, able to 
create a pressure differential across the skin at least a portion 
of the access site. The device may also include, in some cases, 
a sensor supported by the support structure for determining at 
least one condition of the to extractable medium from the 
subject, and optionally a signal generator supported by the 
support structure for generating a signal relating to the con 
dition of the medium determined by the sensor. 
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TECHNIQUES AND DEVICES ASSOCIATED 
WITH BLOOD SAMPLING 

RELATED APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Patent Application Ser. No. 61/163,710, ?led Mar. 26, 
2009, entitled “Systems and Methods for Creating and Using 
Suction Blisters or Other Pooled Regions of Fluid Within the 
Skin,” by Levinson, et al.; US. Provisional Patent Applica 
tion Ser. No. 61/1 56,632, ?led Mar. 2, 2009, entitled“Oxygen 
Sensor,” by Levinson, et al.; US. Provisional Patent Appli 
cation Ser. No. 61/269,436, ?led Jun. 24, 2009, entitled 
“Devices and Techniques associated With to Diagnostics, 
Therapies, and Other Applications, Including Skin-Associ 
ated Applications,” by Levinson, et al.; US. Provisional 
Patent Application Ser. No. 61/257,731, ?led Nov. 3, 2009, 
entitled “Devices and Techniques associated With Diagnos 
tics, Therapies, and Other Applications, Including Skin-As 
sociated Applications,” by Bernstein, et al.; and US. Provi 
sional Patent Application Ser. No. 61/294,543, ?led Jan. 13, 
2010, entitled “Blood Sampling Device and Method,” by 
Levinson, et al. Each of the above is incorporated herein by 
reference. 

FIELD OF INVENTION 

[0002] The present invention generally relates to interstitial 
and other bodily ?uids for use in analyZing a condition of a 
subject or treating a subject. The present invention also relates 
to systems and methods for delivering and/or WithdraWing 
?uid from subjects, e.g., through the skin. 

BACKGROUND 

[0003] A variety of techniques and methods exist for sens 
ing and responding to conditions to Which a subject is 
exposed, including sensing of physiological conditions of a 
mammal and/or a surrounding environment. Other tech 
niques exist for delivering and/ or WithdraWing a ?uid from a 
mammal, such as blood. While many such techniques are 
suitable for various purposes, techniques that have one or 
more features such as added simplicity and ?exibility of use 
Would be advantageous. 

SUMMARY OF THE INVENTION 

[0004] The present invention, in some aspects, generally 
relates to interstitial and other bodily ?uids (e.g., blood) for 
use in analyZing a condition of a subject or treating a subject. 
In some cases, the present invention also relates to systems 
and methods for delivering and/or WithdraWing ?uid from 
subjects, e.g., through the skin. The subject matter of the 
present invention involves, in some cases, interrelated prod 
ucts, alternative solutions to a particular problem, and/or a 
plurality of different uses of one or more systems and/or 
articles. 
[0005] The present invention is directed to a device for 
analysis of an extractable medium from a subject in one 
aspect. In one set of embodiments, the device includes a 
support structure, means associated With the support structure 
for accessing the extractable medium from and/ or through the 
skin of the subject at an access site, and a pressure regulator 
supported by the support structure, able to create a pressure to 
differential across the skin at least a portion of the access site. 
In some cases, the device may also include a sensor supported 
by the support structure, for determining at least one condi 
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tion of the extractable medium from the subject, and option 
ally a signal generator supported by the support structure, for 
generating a signal relating to the condition of the medium 
determined by the sensor. In some embodiments, the support 
structure is constructed and arranged to be positioned proxi 
mate the skin of the subject. 
[0006] In another set of embodiments, the device includes a 
support structure constructed and arranged to be positioned 
proximate the skin of the subject, a ?uid transporter for 
accessing the extractable medium from and/or through the 
skin of the subject at an access site, a pressure regulator 
supported by the support structure, able to create a pressure 
differential across the skin at least a portion of the access site, 
a sensor supported by the support structure for determining at 
least one condition of the extractable medium from the sub 
ject, and a signal generator supported by the support structure 
for generating a signal relating to the condition of the medium 
determined by the sensor. 
[0007] The device, according to yet another set of embodi 
ments, includes means for accessing the extractable medium 
from and/or through the skin of the subject at an access site, a 
pressure regulator able to create a pressure differential across 
the skin at least a portion of the access site, a sensor for 
determining at least one condition of the extractable medium 
from the subject, and a signal generator for generating a 
signal relating to the condition of the medium determined by 
the sensor. 

[0008] In another set of embodiments, the device includes 
means for accessing the extractable medium from skin and/or 
from beneath the skin of the subject at an access site, a 
pressure differential chamber able to create a pressure differ 
ential across the skin in at least a portion of the access site in 
the absence of a piston pump associated With the chamber, a 
sensor for determining at least one condition of the extract 
able medium from the subject, and a signal generator for 
generating a signal relating to the condition of the medium 
determined by the sensor. 
[0009] The invention, in another aspect, is generally 
directed to a device. According to one set of embodiments, the 
device can be applied or is applicable to the skin for deter 
mining an analyte in a subject. The device, in one embodi 
ment, includes a ?rst portion able to create a pooled region of 
?uid Within the skin of a subject, and a second to portion able 
to determine ?uid of the pooled region of ?uid. In another set 
of embodiments, the device includes a ?rst portion able to 
create a pooled region of ?uid Within the skin of a subject, and 
a micro?uidic channel in ?uidic communication With the ?rst 
portion. 
[0010] The device, in yet another set of embodiments, is 
applicable to a site proximate the skin of a subject. In some 
cases, the device is able to determine a physical condition of 
a subject and produces a signal related to the condition. In one 
embodiment, the signal is not readily understandable by the 
subject. 
[0011] The device, in yet another set of embodiments, is a 
device applicable to a site proximate the skin of a subject. In 
some embodiments, the device is able to determine a physical 
condition of the subject. In one embodiment, the device com 
prises an agent that reacts or interacts With an analyte to be 
detected and generates a signal that can be detected visually, 
by feel, by smell, or by taste. In some cases, the agent that 
reacts With or interacts With an analyte and the signaling agent 
can be the same or different. In certain cases, the signal can 
vary as a function of an attribute of the analyte, producing a 
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signal that can be analyzed qualitatively. In some instances, 
the device acquires ?uid from the subject and transports the 
?uid from a site of acquisition to a site of analysis for reaction. 
[0012] In some cases, the device includes a ?rst component 
and a second component connected to the ?rst component for 
application to the site and separable from the ?rst component 
after application to the site. In some instances, the ?rst com 
ponent can be activated to acquire a bodily ?uid of the subject, 
and the second component comprises an agent that reacts or 
interacts With an analyte to be detected and generates a signal 
that can be detected visually, by feel, by smell, or by taste. 
[0013] The device, in accordance With another set of 
embodiments, includes an agent that reacts or interacts With 
an analyte in saliva of the subject to generate a signal. 
[0014] In still another set of embodiments, the device com 
prises an agent that reacts or interacts With an analyte to be 
detected to generate a signal that can be detected visually, by 
feel, by smell, or by taste. In some cases, the device comprises 
a membrane comprising the agent that participates in genera 
tion of the signal. The membrane, in some embodiments, may 
be selective to one or more of passage of an analyte and/or an 
to analyte indicator, and reaction With an analyte and/or an 
analyte indicator. 
[0015] According to still another set of embodiments, the 
device is a device for WithdraWing blood from the skin and/or 
from beneath the skin of a subject. In some embodiments, the 
device comprises a ?uid transporter, a vacuum chamber hav 
ing an internal pressure less than atmospheric pres sure before 
blood is Withdrawn into the device, and a storage chamber, 
separate from the vacuum chamber, for receiving blood With 
draWn from the subject through the ?uid transporter When a 
negative pressure is applied to the skin of the subject. The 
device, in certain embodiments, includes at least 6 micron 
eedles, and a storage chamber for receiving blood WithdraWn 
from the subject, the storage chamber having an internal 
pressure less than atmospheric pressure prior to receiving 
blood. 
[0016] The device, in some embodiments, includes a ?uid 
transporter, a ?rst storage chamber for receiving blood With 
draWn from the subject through the ?uid transporter, the 
storage chamber having an internal pressure less than atmo 
spheric pressure prior to receiving blood, and a reaction entity 
contained Within the ?rst storage chamber able to react With 
an analyte contained Within the blood. In some instances, a 
product of the reaction entity With the analyte is determinable. 
According to still other embodiments, the device includes a 
?uid transporter, a storage chamber for receiving blood With 
draWn from the subject through the ?uid transporter, and a 
potassium sensor able to determine potassium ions Within 
blood contained Within the device. In some cases, the storage 
chamber has an internal pressure less than atmospheric pres 
sure prior to receiving blood. 
[0017] In yet another set of embodiments, the device 
includes a ?uid transporter, a storage chamber for receiving 
blood WithdraWn from the subject through the ?uid trans 
porter, and a ?oW controller able to control blood ?oW into the 
storage chamber. In some cases, the storage chamber has an 
internal pressure less than atmospheric pressure prior to 
receiving blood. 
[0018] In another aspect, the present invention is directed to 
a method. The method, in one set of embodiments, includes 
acts of causing formation of a pooled region of ?uid betWeen 
the dermis and epidermis of the skin of a subject, and deliv 
ering an agent into the pooled region of ?uid for indication of 
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a past, present and/or future condition of the subject. The 
method, according to another set of embodiments, includes 
acts of causing formation of a pooled region of ?uid betWeen 
the dermis and epidermis of the skin of a to subject, removing 
at least a portion of the ?uid from the pooled region, and 
analyZing at least a portion of the removed ?uid thereby 
determining a past, present and/or future condition of the 
subject by exposing the ?uid to an agent. 
[0019] The method, according to another set of embodi 
ments, includes acts of providing a device at a site proximate 
the skin of a subject, acquiring a representation of the signal, 
and transporting the representation of the signal to an entity 
that analyZes the representation. In some cases, the device can 
determine a physical condition of a subject and produces a 
signal related to the condition. In yet another set of embodi 
ments, the method includes an act of applying, proximate the 
skin of a subject in need of emergency care, a device com 
prising a reactive agent that reacts or interacts With an analyte 
to generate a signal indicative of a condition of the subject. 
The method, in still another set of embodiments, includes an 
act of applying, to a solution containing a plurality of ?rst 
particles of a ?rst color and a plurality of second particles of 
a second color, an electric ?eld and/or a magnetic ?eld su?i 
cient to cause a change in color of the solution. According to 
yet another set of embodiments, the method includes an act of 
determining a characteristic of a sample by visualiZing a color 
change effected by a change in population of particles of 
different color upon preferential binding of particles of one 
color to a component of the sample via a binding partner. 

[0020] The method, in one set of embodiments, includes 
acts of exposing, to a sample, a population of particles includ 
ing at least a ?rst sub-population having a ?rst determinable 
characteristic and a second sub-population having a second 
determinable characteristic, alloWing at least some particles 
of the ?rst sub-population of particles to bind a component of 
the sample via a binding partner, separating the particles 
bound to the component from those not bound, and determin 
ing a characteristic of the sample by determining the separa 
tion. In some embodiments, the second sub-population of 
particles remains essentially unbound to the component, such 
that the ratio of the number of particles from the ?rst sub 
population bound to the component, to the number of par 
ticles from the second sub-population bound to the compo 
nent, is at least 5:1. 

[0021] In another set of embodiments, the method includes 
an act of providing a plurality of analysis sites proximate the 
skin of a subject, including at least a ?rst analysis site that 
generates a ?rst signal related to a ?rst physical condition of 
the subject and a second analysis site that generates a second 
signal related to a second physical to condition of the subject. 
The method, in accordance With still another set of embodi 
ments, includes an act of providing a reaction site proximate 
the skin of a subject comprising a reactive agent that reacts or 
interacts With an analyte to generate an signal in the form of 
an icon. 

[0022] In yet another set of embodiments, the method is a 
method for analyZing an extractable medium from a subject. 
In some embodiments, the method includes acts of position 
ing an analysis device comprising a pathWay adjacent the skin 
of the subject and, While the device is adjacent the skin, 
activating an access component of the device to connect the 
extractable medium With the pathWay of the device, activat 
ing a pressure controller of the device to urge the extractable 
medium into the device via the pathWay, exposing the 
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medium to a sensor of the device and determining at least one 
condition of the extractable medium from the subject, and 
generating a signal relating to the condition of the medium 
determined by the sensor. 
[0023] In another aspect, the present invention is directed to 
a method of making one or more of the embodiments 
described herein. In another aspect, the present invention is 
directed to a method of using one or more of the embodiments 
described herein. 
[0024] Other advantages and novel features of the present 
invention Will become apparent from the folloWing detailed 
description of various non-limiting embodiments of the 
invention When considered in conjunction With the accompa 
nying ?gures. In cases Where the present speci?cation and a 
document incorporated by reference include con?icting and/ 
or inconsistent disclosure, the present speci?cation shall con 
trol. If tWo or more documents incorporated by reference 
include con?icting and/or inconsistent disclosure With 
respect to each other, then the document having the later 
effective date shall control. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] Non-limiting embodiments of the present invention 
Will be described by Way of example With reference to the 
accompanying ?gures, Which are schematic and are not 
intended to be draWn to scale. In the ?gures, each identical or 
nearly identical component illustrated is typically repre 
sented by a single numeral. For purposes of clarity, not every 
component is labeled in every ?gure, nor is every component 
of each embodiment of the invention shoWn Where illustration 
is not necessary to alloW those of ordinary skill in the art to 
understand the invention. In the ?gures: 
[0026] FIGS. 1A-1E schematically illustrate various sys 
tems and methods for creating pooled regions of ?uid in the 
skin, according to certain embodiments of the invention; 
[0027] FIGS. 2A-2C illustrate various devices useful for 
creating pooled regions of ?uid in the skin, in some embodi 
ments; 
[0028] FIGS. 3A-3C illustrate an example of one embodi 
ment of the invention useful for puncturing and creating a 
pooled region of the skin; 
[0029] FIGS. 4A-4B illustrate additional examples of vari 
ous devices of the invention; 
[0030] FIG. 5 illustrates a check valve according to one 
embodiment of the invention; 
[0031] FIG. 6 illustrates certain non-circular interfaces, in 
accordance With another embodiment of the invention; 
[0032] FIG. 7 illustrates another embodiment of the inven 
tion useful for creating a pooled region of the skin; 
[0033] FIGS. 8A-8B illustrates top and side vieWs, respec 
tively, of a pre-loaded vacuum chamber, in another embodi 
ment of the invention; 
[0034] FIGS. 8C-8E illustrate a device containing a com 
pressed foam, in yet another embodiment of the invention; 
[0035] FIG. 9A-9B illustrate devices according to certain 
embodiments of the invention; 
[0036] FIGS. 10A-10B illustrate devices according to vari 
ous embodiments of the invention; 
[0037] FIG. 11A illustrates a device according to still 
another embodiment of the invention; 
[0038] FIG. 11B illustrates a kit containing more than one 
device, in yet another embodiment of the invention; and 
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[0039] FIG. 11C illustrates a device according to still 
another embodiment of the invention. 

DETAILED DESCRIPTION 

[0040] The present invention generally relates to devices 
and techniques associated With diagnostics, therapies, and 
other applications, including skin-associated applications, 
for example, devices for delivering and/or WithdraWing ?uid 
from subjects, e.g., through the skin. In some embodiments, 
the device includes a system for accessing an extractable 
medium from and/or through the skin of the subject at an 
access site, and a pressure regulator supported by a support 
structure, able to create a pressure differential across the skin 
at least a portion of the access site. The device may also 
include, in some cases, a sensor supported by the support 
structure for determining at least one condition of the extract 
able medium from the subject, and optionally a signal gen 
erator supported by the support structure for generating a 
signal relating to the condition of the medium determined by 
the sensor. 

[0041] Non-limiting examples of various devices of the 
invention are shoWn in FIG. 9. In FIG. 9A, device 290 is used 
for WithdraWing a ?uid from a subject When the device is 
placed on the skin of a subject. Device 290 includes sensor 
295 and ?uid transporter 292, e.g., a needle, a microneedle, 
etc., as discussed herein. In ?uidic communication With ?uid 
transporter 292 via ?uidic channel 299 is sensing chamber 
297. In one embodiment, sensing chamber 297 may contain 
agents such as particles, enzymes, dyes, etc., for analyzing 
bodily ?uids, such as interstitial ?uid or blood. In some cases, 
?uid may be WithdraWn using ?uid transporter 292 by a 
vacuum, for example, a self-contained vacuum contained 
Within device 290. Optionally, device 290 also contains a 
display 294 and associated electronics 293, batteries or other 
poWer supplies, etc., Which may be used to display sensor 
readings obtained via sensor 295. In addition, device 290 may 
also optionally contain memory 298, transmitters for trans 
mitting a signal indicative of sensor 295 to a receiver, etc. 
[0042] As used herein, “?uidtranspor‘ter” is any component 
or combination of components that facilitates movement of a 
?uid from one portion of the device to another. For example, 
at or near the skin, a ?uid transporter can be a holloW needle 
When a holloW needle is used or, if a solid needle is used, then 
if ?uid migrates along the needle due to surface forces (e. g., 
capillary action), then the solid needle can be a ?uid trans 
porter. If ?uid (e.g. blood or interstitial ?uid) partially or fully 
?lls an enclosure surrounding a needle after puncture of skin 
(Whether the needle is or is not WithdraWn from the skin after 
puncture), then the enclosure can de?ne a ?uid transporter. 
Other components including partially or fully enclosed chan 
nels, micro?uidic channels, tubes, Wicking members, 
vacuum containers, etc. can be ?uid transporters 
[0043] In the example shoWn in FIG. 9A, device 290 may 
contain a vacuum source (not shoWn) that is self-contained 
Within device 290, although in other embodiments, the 
vacuum source may be external to device 290. (In still other 
instances, other systems may be used to deliver and/or With 
draW ?uid from the skin, as is discussed herein.) In one 
embodiment, after being placed on the skin of a subject, the 
skin may be draWn upWard into a recess containing ?uid 
transporter 292, for example, upon exposure to the vacuum 
source. Access to the vacuum source may be controlled by 
any suitable method, e.g., by piercing a seal or a septum; by 
opening a valve or moving a gate, etc. For instance, upon 
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activation of device 290, e.g., by the subj ect, remotely, auto 
matically, etc., the vacuum source may be put into ?uidic 
communication With the recess such that skin is draWn into 
the recess containing ?uid transporter 292 due to the vacuum. 
Skin draWn into the recess may come into contact With ?uid 
transporter 292 (e. g., solid or holloW needles), Which may, in 
some cases, pierce the skin and alloW a ?uid to be delivered 
and/ or WithdraWn from the skin. In another embodiment, 
?uid transporter 292 may be actuated and moved doWnWard 
to come into contact With the skin, and optionally retracted 
after use. 

[0044] Another non-limiting example of a device is shoWn 
in FIG. 9B. This ?gure illustrates a device useful for deliver 
ing a ?uid to the subject. Device 290 in this ?gure includes 
?uid transporter 292, e.g., a needle, a microneedle, etc., as 
discussed herein. In ?uidic communication With ?uid trans 
porter 292 via ?uidic channel 299 is chamber 297, Which may 
contain a drug or other agent to be delivered to the subject. In 
some cases, ?uid may be delivered With a pressure controller, 
and/ or WithdraWn using ?uid transporter 292 by a vacuum, for 
example, a self-contained vacuum contained Within device 
290. For instance, upon creating a vacuum, skin may be 
draWn up toWards ?uid transporter 292, and ?uid transporter 
292 may pierce the skin. Fluid from chamber 297 can then be 
delivered into the skin through ?uid channel 299 and ?uid 
transporter 292. Optionally, device 290 also contains a dis 
play 294 and associated electronics 293, batteries or other 
poWer supplies, etc., Which may be used control delivery of 
?uid to the skin. In addition, device 290 may also optionally 
contain memory 298, transmitters for transmitting a signal 
indicative of device 290 or ?uid delivery to a receiver, etc. 

[0045] Yet another non-limiting example of a device of the 
invention is shoWn in FIG. 10. FIG. 10A illustrates a vieW of 
the device (With the cover removed), While FIG. 10B sche 
matically illustrates the device in cross-section. In FIG. 10B, 
device 250 includes a needle 252 contained Within a recess 
255. Needle 252 may be solid or holloW, to depending on the 
embodiment. Device 250 also includes a self-contained 
vacuum chamber 260, Which Wraps around the central portion 
of the device Where needle 252 and recess 255 are located. A 
channel 262 connects vacuum chamber 260 With recess 255, 
separated by foil or a membrane 267. Also shoWn in device 
250 is button 258. When pushed, button 258 breaks foil 267, 
thereby connecting vacuum chamber 250 With recess 255, 
creating a vacuum in recess 255. The vacuum may be used, 
for example, to draW skin into recess 255, preferably such that 
it contacts needle 252 andpierces the surface, thereby gaining 
access to an internal ?uid. The ?uid may be controlled, for 
example, by controlling the siZe of needle 252, and thereby 
the depth of penetration. For example, the penetration may be 
limited to the epidermis, e.g., to collect interstitial ?uid, or to 
the dermis, e.g., to collect blood. In some cases, the vacuum 
may also be used to at least partially secure device 250 on the 
surface of the skin, and/or to assist in the WithdraWal of ?uid 
from the skin. For instance, ?uid may ?oW into channel 262 
under action of the vacuum, and optionally to sensor 261, e. g., 
for detection of an analyte contained Within the ?uid. For 
instance, sensor 261 may produce a color change if an analyte 
is present, or otherWise produce a detectable signal. 

[0046] Other components may be added to the example of 
the device illustrated in FIG. 10, in some embodiments of the 
invention. For example, device 250 may contain a cover, 
displays, ports, transmitters, sensors, micro?uidic channels, 
chambers, ?uid channels, and/or various electronics, e.g., to 
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control or monitor ?uid transport into or out of device 250, to 
determine an analyte present Within a ?uid delivered and/or 
WithdraWn from the skin, to determine the status of the 
device, to report or transmit information regarding the device 
and/or analytes, or the like, as is discussed in more detail 
herein. As another example, device 250 may contain an adhe 
sive, e.g., on surface 254, for adhesion of the device to the 
skin. 

[0047] Yet another non-limiting example is illustrated With 
reference to FIG. 11A. In this example, device 500 includes a 
support structure 501, and an associated ?uid transporter 
system 503. Fluid transporter system 503 includes a plurality 
of needles or microneedles 505, although other ?uid trans 
porters as discussed herein may also be used. Also shoWn in 
FIG. 11A is sensor 510, connected via channels 511 to recess 
508 containing needles or microneedles 505. Chamber 513 
may be a self-contained vacuum chamber, and chamber 513 
may be in ?uidic communication With recess 508 via channel 
to 511, for example, as controlled by a controller or an actua 
tor (not shoWn). In this ?gure, device 500 also contains dis 
play 525, Which is connected to sensor 510 via electrical 
connection 522. As an example of use of device 500, When 
?uid is draWn from the skin (e.g., blood, interstitial ?uid, 
etc .), the ?uid may ?oW through channel 511 to be determined 
by sensor 510, e.g., due to action of the vacuum from vacuum 
chamber 513. In some cases, the vacuum is used, for example, 
to draW skin into recess 508, e.g., such that it contacts needles 
or microneedles 505 and pierces the surface of the skin to gain 
access to a ?uid internal of the subject, such as blood or 
interstitial ?uid, etc. The ?uid may be controlled, for 
example, by controlling the siZe of needle 505, and thereby 
the depth of penetration. For instance, the penetration may be 
limited to the epidermis, e.g., to collect interstitial ?uid, or to 
the dermis, e.g., to collect blood. Upon determination of the 
?uid and/or an analyte present or suspected to be present 
Within the ?uid, a microprocessor or other controller may 
display a suitable signal on display 525. As is discussed 
beloW, a display is shoWn in this ?gure by Way of example 
only; in other embodiments, no display may be present, or 
other signals may be used, for example, lights, smell, sound, 
feel, taste, or the like. In some cases, more than one ?uid 
transporter system may be present Within the device. For 
instance, the device may be able to be used repeatedly, and/or 
the device may be able to deliver and/or WithdraW ?uid at 
more than one location on a subject, e.g., sequentially and/or 
simultaneously. In some cases, the device may be able to 
simultaneously deliver and WithdraW ?uid to and from a 
subject. A non-limiting example of a device having more than 
one ?uid transporter system is illustrated With reference to 
FIG. 11C. In this example, device 500 contains a plurality of 
structures such as those described herein for delivering to 
and/or WithdraWing ?uid from a subject. For example, device 
500 in this example contains 3 such units, although any num 
ber of units are possible in other embodiments. In this 
example, device 500 contains three such ?uid transporter 
systems 575. Each of these ?uid transporter systems may 
independently have the same or different structures, depend 
ing on the particular application, and they may have structures 
such as those described herein. 

[0048] As noted, the invention in one set of embodiments 
involves determination of a condition of a subject. In such a 
case, bodily ?uid and/or material associated With the skin 
may be analyZed, for instance, as an indication of a past, 
present and/or future to condition of the subject, or to deter 
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mine conditions that are external to the subject. Determina 
tion may occur, for instance, visually, tactilely, by odor, via 
instrumentation, etc. Other aspects of the invention are 
directed to devices able to create pooled regions Within the 
skin, and are optionally able to remove ?uid from the pooled 
region and/or add material to the pooled region. Still other 
aspects of the invention are generally directed to making or 
using such devices, methods of promoting the making or use 
of such devices, and the like. 
[0049] Agents such as particles can be used to analyZe 
bodily ?uids, such as interstitial ?uid or blood. Other suitable 
agents include enZymes, dyes, nucleic acids, antibodies, oli 
gonucleotides, reaction entities, or the like, e. g., as discussed 
herein. The interstitial ?uids may be accessed or collected 
using a suction blister device in certain embodiments, or 
using other techniques such as those described beloW. The 
agent may be any agent able to determine an analyte. For 
example, the agent may be an antibody Which is labeled With 
a colorimetric, gold, or ?uorescent label, Whichbinds analyte, 
producing a color change Which is proportional to the amount 
of analyte. In some cases, more than one agent may be used. 
For example, a ?rst agent may react With an analyte and the 
second agent may be used to create a determinable signal, for 
instance, visual, tactile, smell, taste, shape change, or the like. 
Combinations of these can also be utiliZed in some cases. For 
example, an antibody to a carcinoembryonic antigen 
(“CEA”) and an antibody to a prostate speci?c antigen 
(“PSA”) may be used to monitor for cancer of either origin; 
the antibodies may be used to produce various colors upon 
detection of their corresponding analytes, for instance, the 
colors may be yelloW for CEA and blue for PSA, resulting in 
green if both are elevated. 

[0050] In one set of embodiments, one or more of the agents 
may be particles, such as anisotropic particles or colloids. 
Accordingly, in the descriptions that folloW, it should be 
understood that “particles” are described by Way of example 
only, and in other embodiments, other agents, such as anti 
bodies, may also be used, in addition and/or instead of par 
ticles. 
[0051] In other embodiments, ?uid may be delivered to the 
subject, and such ?uids may contain materials useful for 
delivery, e.g., forming at least a portion of the ?uid, dissolved 
Within the ?uid, carried by the ?uid (e.g., suspended or dis 
persed), or the like. Examples of suitable materials include, 
but are not limited to, particles such as microparticles or 
nanoparticles, a chemical, a drug or a therapeutic agent, a 
diagnostic agent, a carrier, or the like. 
[0052] As used herein, the term “?uid” generally refers to a 
substance that tends to ?oW and to conform to the outline of its 
container. Typically, ?uids are materials that are unable to 
Withstand a static shear stress, and When a shear stress is 
applied, the ?uid experiences a continuing and permanent 
distortion. The ?uid may have any suitable viscosity that 
permits at least some ?oW of the ?uid. Non-limiting examples 
of ?uids include liquids and gases, but may also include 
free-?oWing solid particles, viscoelastic ?uids, and the like. 
For example, the ?uid may include a ?oWable matrix or a gel, 
e.g., formed from biodegradable and/or biocompatible mate 
rial such as polylactic acid, polyglycolic acid, poly(lactic-co 
glycolic acid), etc., or other similar materials. 
[0053] One set of embodiments generally relates to inter 
stitial and other bodily ?uids for use in analyZing a condition 
of a subject or treating a subject. For instance, certain aspects 
of the invention are directed to causing the formation of a 
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pooled region of ?uid betWeen the dermis and epidermis, 
such as in a suction blister. Fluid may be removed from the 
pooled region and analyZed in some fashion, or material may 
be delivered to the pooled region of ?uid, in either case for 
diagnosis and/or treatment of a condition of a subject. In one 
set of embodiments, various particles may be delivered to the 
?uid, Whether pooled betWeen the dermis or epidermis, or in 
?uid removed from the subject, and the particles can assist in 
diagnosis or treatment as described herein. Optionally, ?uid 
Within a pooled region may be drained, e.g., externally, or the 
?uid may be resorbed, Which may leave particles or other 
material embedded Within the skin betWeen the epidermis and 
dermis. 

[0054] In some cases, as discussed herein, pooled regions 
of ?uid may be created in the skin for facilitating delivery 
and/or WithdraW of ?uid from the skin. For instance, ?uid 
may be pooled Within the skin that is draWn from the sur 
rounding dermal and/ or epidermal layers Within the skin. The 
?uid may include interstitial ?uid, or even blood in some 
cases. In other cases, hoWever, no pooling is necessary for the 
delivery and/ or WithdraW of ?uid from the skin. For example, 
?uid may be WithdraWn from the skin of a subject into a 
device, for example, using vacuum or other techniques such 
as discussedbeloW, and/ or ?uidmay be delivered into the skin 
of a subject Without necessarily needing to create a suction 
blister or a pooled region of ?uid in Which to deliver ?uid. 
Accordingly, it should be understood that in the descriptions 
herein, references to a “suction blister” or “pooled region of 
?uid” are by Way of example only, and in other embodiments, 
?uid may be delivered to the skin Without using a suction 
blister and/or Without creating a pooled region of ?uid Within 
the skin. 

[0055] It should also be understood that, in some cases, 
?uid may be created beneath the skin, e.g., in the fatty or 
muscle layers beloW the skin. Accordingly, descriptions 
herein of delivering and/or WithdraWing ?uid “in the skin” 
should also be understood to include, in other embodiments, 
the deliver and/ or WithdraW of ?uid into layers directly 
beneath the skin. 
[0056] One embodiment of the invention is illustrated in 
FIG. 1. In FIG. 1A, the skin 10 of a subject is shoWn, having 
tWo layers: an upper epidermis layer 15, and a loWer dermis 
layer 17. Of course, other structures are typically present 
Within the skin, for example, blood vessels, nerve endings, 
sWeat glands, hair follicles, or the like, but these are not 
illustrated here for clarity. In FIG. 1B, epidermis 15 has been 
partially separated from dermis 17, creating a region 20 
Within the skin betWeen the epidermis and the dermis. This 
region typically ?lls With ?uid, such as interstitial ?uid from 
the body, forming a pooled region of ?uid. As shoWn in the 
example of FIG. 1B, the separation of the dermis and epider 
mis is created using interface 25 that is able to apply vacuum 
to the surface of the skin, thereby creating a suction blister 
Within the skin formed by the pooled region of ?uid. For 
example, vacuum may be created via conduit 27, Which may 
be in ?uidic communication With a vacuum source, such as a 

vacuum pump or an external (line) vacuum source. HoWever, 
as discussed beloW, other methods may be used to create a 
pooled region of ?uid Within the skin besides, or in addition 
to, the use of vacuum. In addition, as previously discussed, 
certain embodiments of the invention do not require the cre 
ation of a pooled region of ?uid Within the skin. 
[0057] FIG. 1C shoWs an embodiment in Which ?uid is 
removed from pooled region 20. In this ?gure, needle 35, such 
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as a hypodermic needle, may be used to remove at least a 
portion of the ?uid from pooled region 20. The ?uid may be 
stored, and/or analyZed to determine one or more analytes, 
e.g., a marker for a disease state, or the like. In some cases, the 
?uid may be actively removed, for example, upon the appli 
cation of vacuum to the surface of skin 10, or upon the 
application of hygroscopic material to facilitate the removal 
of ?uid from pooled region 20. In other cases, the ?uidmay be 
extracted, for to example, via vacuum applied to the surface of 
skin 10 or to needle 35. In other cases, the ?uid may be 
alloWed to leave pooled region 20 passively. For example, in 
one embodiment, a cutter may be used to create a conduit by 
Which ?uid from pooled region 20 can escape. The cutter may 
be, for example, a needle or other piercing instrument, a 
cutting blade, or the like. 
[0058] In FIG. 1D, material 29 is shoWn being delivered 
into the pooled region of ?uid 20. Material 29 may be, for 
example, particles, such as microparticles or nanopar‘ticles, a 
chemical, a drug or a therapeutic agent, a diagnostic agent, a 
reaction entity, or the like. In some cases, material 29 may 
comprise a carrier, such as a ?uid carrier, that comprises the 
particles, chemicals, drugs, therapeutic agents, diagnostic 
agents, reaction entities, etc. As shoWn in this ?gure, needle 
32 is used to deliver material 29 into pooled region 20. HoW 
ever, in other embodiments, other systems, such as a jet inj ec 
tor, may be used to deliver material 29 into the pooled region 
20. 

[0059] Once needle 32 has been removed from skin 10, 
material 29 may become embedded Within pooled region 20, 
or may be dispersed Within the subject, depending on the 
nature of material 29. For example, if ?uid Within the pooled 
region of ?uid 20 is drained in some fashion, e.g., externally 
or is resorbed, etc., material 29 may remain embedded 
betWeen epidermis 15 and dermis 17, as is shoWn in FIG. 1E. 
The material may become temporarily or permanently 
embedded betWeen the dermis and the epidermis, or in some 
cases, the material may disperse Within the subject, for 
example, dissolving or biodegrading Within the subject, or the 
material may be one that can be transported Within the sub 
ject, such as Within the bloodstream. For example, in some 
cases, material 29 may contain a drug or other therapeutic 
agent that can be released from material 29, e.g., upon deg 
radation of material 29. In one embodiment, for instance, 
material 29 may comprise particles able to controllably 
release a drug, a diagnostic agent, a therapeutic agent, etc. 
[0060] Thus, certain aspects of the present invention are 
generally directed to the creation of suction blisters or other 
pooled regions of ?uid Within the skin. In one set of embodi 
ments, a pooled region of ?uid can be created betWeen the 
dermis and epidermis of the skin. Suction blisters or other 
pooled regions may form in a manner such that the suction 
blister or other pooled region is not signi?cantly pigmented in 
some cases, since the basal layer of the epidermis contains 
melanocytes, Which are responsible for to producing pig 
ments. Such regions can be created by causing the dermis and 
the epidermis to at least partially separate, and as Will be 
discussed beloW, a number of techniques can be used to at 
least partially separate the dermis from the epidermis. As 
mentioned, hoWever, some embodiments of the invention do 
not necessarily require the creation of a pooled region of ?uid 
Within the skin. 

[0061] The subject is usually human, although non-human 
subjects may be used in certain instances, for instance, other 
mammals such as a dog, a cat, a horse, a rabbit, a coW, a pig, 
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a sheep, a goat, a rat (e.g., Rallus Norvegicus), a mouse (e.g., 
Mus musculus), a guinea pig, a hamster, a primate (e.g., a 
monkey, a chimpanzee, a baboon, an ape, a gorilla, etc.), or 
the like. 

[0062] In one technique, a pool of interstitial ?uid is formed 
betWeen layers of skin of a subject and, after forming the pool, 
?uid is draWn from the pool by accessing the ?uid through a 
layer of skin, for example, puncturing the outer layer of skin 
With a needle, e. g., With a microneedle. Speci?cally, for 
example, a suction blister can be formed and then the suction 
blister can be punctured and ?uid can be draWn from the 
blister. In another technique, an interstitial region can be 
accessed and ?uid draWn from that region Without ?rst form 
ing a pool of ?uid via a suctionblister or the like. For example, 
a needle or a microneedle can be applied to the interstitial 

region and ?uid can be draWn there from. In some cases, 
hoWever, ?uid may be WithdraWn from the skin even Without 
creating a suction blister or a pooled region of ?uid Within the 
skin. 

[0063] Where needles are used, it can be advantageous to 
select needles of length such that interstitial ?uid is preferen 
tially obtained and, Where not desirable, blood is not 
accessed. Those of ordinary skill in the art can arrange 
needles relative to the skin for these purposes including, in 
one embodiment, introducing needles into the skin at an 
angle, relative to the skin’s surface, other than 90°, i.e., to 
introduce a needle or needles into the skin in a slanting fash 
ion so as to limit the depth of penetration. In another embodi 
ment, hoWever, the needles may enter the skin at approxi 
mately 90°. 
[0064] Pooled regions of ?uids, if present, may be formed 
on any suitable location Within the skin of a subject. Factors 
such as safety or convenience may be used to select a suitable 
location, as (in humans) the skin is relatively uniform through 
the body, With the exception of the hands and feet. As non 
limiting examples, the pooled region may be formed on an 
arm or a leg, on the hands (e. g., on the back of the hand), on 
the feet, on to the chest, abdomen, or the back of the subject, 
or the like. The siZe of the pooled region of ?uid that is formed 
in the skin and/or the duration that the pooled region lasts 
Within the skin depends on a variety of factors, such as the 
technique of creating the pooled region, the siZe of the pooled 
region, the siZe of the region of skin to Which the technique is 
applied, the amount of ?uid removed from the pooled region 
(if any), any materials that are delivered into the pooled 
region, or the like. For example, if vacuum is applied to the 
skin to create a suction blister, the vacuum applied to the skin, 
the duration of the vacuum, and/or the area of the skin 
affected may be controlled to control the siZe and/ or duration 
of the suction blister. In some embodiments, it may be desir 
able to keep the pooled regions relatively small, for instance, 
to prevent an unsightly visual appearance, to alloW for greater 
sampling accuracy (due to a smaller volume of material), or to 
alloW for more controlled placement of particles Within the 
skin. For example, the volume of the pooled region may be 
kept to less than about 2 ml, less than about 1 ml, less than 
about 500 microliters, less than about 300 microliters, less 
than about 100 microliters, less than about 50 microliters, less 
than about 30 microliters, less than about 10 microliters, etc., 
in certain cases, or the average diameter of the pooled region 
(i.e., the diameter of a circle having the same area as the 
pooled region) may be kept to less than about 5 cm, less than 
about 4 cm, less than about 3 cm, less than about 2 cm, less 
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than about 1 cm, less than about 5 mm, less than about 4 mm, 
less than about 3 mm, less than about 2 mm, or less than about 
1 mm. 

[0065] A variety of techniques may be used to cause pooled 
regions of ?uid to form Within the skin and/or to WithdraW a 
bodily ?uid from the skin of a subject such as interstitial ?uid 
or blood. In one set of embodiments, vacuum is applied to 
create a suction blister, or otherWise used to collect interstitial 
?uid or blood from a subject. In one set of embodiments, for 
example, a device containing a vacuum source, for instance, 
a self-contained vacuum source such as a pre-packaged 

vacuum chamber, may be used to WithdraW blood or intersti 
tial ?uid from the subject. The ?uid may be analyZed and/or 
stored for later use. 

[0066] In other embodiments, other methods may be used 
to create as a pooled region of ?uid Within the skin and/or 
WithdraW ?uid from the skin besides, or in addition to, the use 
of vacuum. When vacuum (i.e., the amount of pressure beloW 
atmospheric pressure, such that atmospheric pressure has a 
vacuum of 0 mmHg, i.e., the pressure is gauge to pressure 
rather than absolute pressure) is used to at least partially 
separate the dermis from the epidermis to cause the pooled 
region to form, the pooled region of ?uid thus formed can be 
referred to as a suction blister. For example, pressures of at 
least about 50 mmHg, at least about 100 mmHg, at least about 
150 mmHg, at least about 200 mmHg, at least about 250 
mmHg, at least about 300 mmHg, at least about 350 mmHg, 
at least about 400 mmHg, at least about 450 mmHg, at least 
about 500 mmHg, at least about 550 mmHg, at least about 600 
mmHg, at least about 650 mmHg, at least about 700 mmHg, 
or at least about 750 mmHg may be applied to the skin, e.g., 
to cause a suction blister and/or to collect interstitial ?uid 
from a subject (as discussed, these measurements are negative 
relative to atmospheric pressure). For instance, a vacuum 
pressure of 100 mmHg corresponds to an absolute pressure of 
about 660 mmHg (i.e., 100 mmHg below 1 atm). Different 
amounts of vacuum may be applied to different subjects in 
some cases, for example, due to differences in the physical 
characteristics of the skin of the subjects. 
[0067] The vacuum may be applied to any suitable region 
of the skin, and the area of the skin to Which the vacuum may 
be controlled in some cases. For instance, the average diam 
eter of the region to Which vacuum is applied may be kept to 
less than about 5 cm, less than about 4 cm, less than about 3 
cm, less than about 2 cm, less than about 1 cm, less than about 
5 mm, less than about 4 mm, less than about 3 mm, less than 
about 2 mm, or less than about 1 mm. In addition, such 
vacuums may be applied for any suitable length of time at 
least su?icient to cause at least some separation of the dermis 
from the epidermis to occur. For instance, vacuum may be 
applied to the skin for at least about 1 min, at least about 3 
min, at least about 5 min, at least about 10 min, at least about 
15 min, at least about 30 min, at least about 45 min, at least 
about 1 hour, at least about 2 hours, at least about 3 hours, at 
least about 4 hours, etc. Examples of devices suitable for 
creating such suction blisters are discussed in more detail 
beloW. In other cases, hoWever, bodily ?uids such as blood or 
interstitial ?uid may be removed from the skin using vacuum 
Without the creation of a suction blister. Other non-limiting 
?uids include saliva, sWeat, tears, mucus, plasma, lymph, or 
the like. 

[0068] Other methods besides vacuum may be used to 
cause such separation to occur. For example, in another set of 
embodiments, heat may be used. For instance, a portion of the 
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skin may be heated to at least about 40° C., at least about 50° 
C., or at least about 55° C., using any suitable technique, to 
cause such separation to occur. In some (but not all) cases, the 
temperature may be limited to no more than about 60° C. or no 

more than about 55° C. The skin may be heated, for instance, 
using an external heat source (e.g., radiant heat or a heated 
Water bath), a chemical reaction, electromagnetic radiation 
(e.g., microWave radiation, infrared radiation, etc.), or the 
like. In some cases, the radiation may be focused on a rela 
tively small region of the skin, e.g., to at least partially spa 
tially contain the amount of heating Within the skin that 
occurs. 

[0069] In yet another set of embodiments, a separation 
chemical may be applied to the skin to at least partially cause 
separation of the dermis and the epidermis to occur. Non 
limiting examples of such separation chemicals include pro 
teases such as trypsin, puri?ed human skin tryptase, or com 
pound 48/ 80. Separation compounds such as these are 
commercially available from various sources. The separation 
chemical may be applied directly to the skin, e.g., rubbed into 
the surface of the skin, or in some cases, the separation chemi 
cal can be delivered into the subject, for example, betWeen the 
epidermis and dermis of the skin. The separation chemical 
can, for example, be injected in betWeen the dermis and the 
epidermis. 
[0070] Another example of a separation chemical is a blis 
tering agent, such as pit viper venom or blister beetle venom. 
Non-limiting examples of blistering agents include phosgene 
oxime, LeWisite, sulfur mustards (e.g., mustard gas or 1,5 
dichloro-3 -thiapentane, l,2-bis(2-chloroethylthio)ethane, 
l,3-bis(2-chloroethylthio)-n-propane, l,4-bis(2-chloroeth 
ylthio) -n-butane, l ,5 -bis(2-chloroethylthio) -n-pentane, 
2-chloroethylchloromethylsul?de, bis(2-chloroethyl)sul?de, 
bis(2-chloroethylthio)methane, bis(2-chloroethylthiom 
ethyl)ether, or bis(2-chloroethylthioethyl)ether), or nitrogen 
mustards (e.g., bis(2-chloroethyl)ethylamine, bis(2-chloroet 
hyl)methylamine, or tris(2-chloroethyl)amine). 
[0071] In still another set of embodiments, a device may be 
inserted into the skin and used to mechanically separate the 
epidermis and the dermis, for example, a Wedge or a spike. 
Fluids may also be used to separate the epidermis and the 
dermis, in yet another set of embodiments. For example, 
saline or another relatively inert ?uid may be injected into the 
skin betWeen the epidermis and the dermis to cause them to at 
least partially separate. 
[0072] These and/or other techniques may also be com 
bined, in still other embodiments. For example, in one 
embodiment, vacuum and heat may be applied to the skin of 
a subject, sequentially and/or simultaneously, to cause such 
separation to occur. As a speci?c example, in one embodi 
ment, vacuum is applied While the skin is heated to a tem 
perature of betWeen about 40° C. and about 50° C. 
[0073] The ?uid contained Within the skin, e. g., Within the 
pooled region of ?uid is typically draWn from the surrounding 
dermal and/ or epidermal layers Within the skin, and includes 
interstitial ?uid, or even blood in some cases. In some cases, 
such ?uids may be collected even Without creating a suction 
blister Within the skin. For instance, a vacuum may be applied 
to the skin, e. g., through a needle as described herein, to 
WithdraW interstitial ?uid from the skin. 
[0074] Often, such ?uids Will contain various analytes 
Within the body that are important for diagnostic purposes, for 
example, markers for various disease states, such as glucose 
(e.g., for diabetics); other example analytes include ions such 
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as sodium, potassium, chloride, calcium, magnesium, and/or 
bicarbonate (e.g., to determine dehydration); gases such as 
carbon dioxide or oxygen; H+ (i.e., pH); metabolites such as 
urea, blood urea nitrogen or creatinine; hormones such as 
estradiol, estrone, progesterone, progestin, testosterone, 
androstenedione, etc. (e.g., to determine pregnancy, illicit 
drug use, or the like); or cholesterol. Other examples include 
insulin, or hormone levels. 
[0075] As previously discussed, agents such as particles 
can be used to analyZe bodily ?uids, such as interstitial ?uids. 
In some cases, the particles may be used to determine pH or 
metal ions, proteins, enZymes, antibodies, nucleic acids (eg 
DNA, RNA, etc.), drugs, sugars (e.g., glucose), hormones 
(e.g., estradiol, estrone, progesterone, progestin, testoster 
one, androstenedione, etc.), carbohydrates, or other analytes 
of interest. Other conditions that can be detected can include 
pH changes, Which may indicate disease, yeast infection, 
periodontal disease at a mucosal surface, oxygen or carbon 
monoxide levels Which indicate lung dysfunction, and drug 
levels, both legal prescription levels of drugs such as couma 
din and illegal such as cocaine or nicotine. Further examples 
of analytes include those indicative of disease, such as cancer 
speci?c markers such as CEA and PSA, viral and bacterial 
antigens, and autoimmune indicators such as antibodies to 
double stranded DNA, indicative of Lupus. Still other condi 
tions include exposure to elevated carbon monoxide, Which 
could be from an external source or due to sleep apnea, too 
much heat (important in the case of babies Whose internal 
temperature controls are to not fully self-regulating) or from 
fever. 
[0076] Still other potentially suitable analytes include vari 
ous pathogens such as bacteria or viruses, and/or markers 
produced by such pathogens. Thus, in certain embodiments 
of the invention, as discussed beloW, one or more analytes 
Within the skin, e.g., Within a pooled region of ?uid, may be 
determined in some fashion, Which may be useful in deter 
mining a past, present and/or future condition of the subject. 
[0077] In one embodiment as discussed beloW, an analyte 
may be determined as an “on/off’ or “normal/abnormal” 
situation. In some cases, the particles (or other agents) indi 
cate a change. Detection of the analyte, for example, may be 
indicative that insulin is needed; a trip to the doctor to check 
cholesterol; ovulation is occurring; kidney dialysis is needed; 
drug levels are present (e.g., especially in the case of illegal 
drugs) or too high/too loW (e.g., important in care of geriatrics 
in particular in nursing homes). As another embodiment, 
hoWever, an analyte may be determined quantitatively. 
[0078] In some embodiments of the invention, one or more 
materials may be delivered to the skin. Examples of suitable 
materials include, but are not limited to, particles such as 
microparticles or nanoparticles, a chemical, a drug or a thera 
peutic agent, a diagnostic agent, a carrier, or the like. The 
materials may be delivered into the skin using any suitable 
technique; various techniques for delivery into the skin are 
Well-knoWn to those of ordinary skill in the art. Examples of 
suitable delivery techniques include, but are not limited to, 
injection (e.g., using needles such as hypodermic needles) or 
a jet injector, such as those discussed beloW. 

[0079] In one set of embodiments, particles are delivered to 
the skin. The particles may be, for example, nanoparticles or 
microparticles, and in some cases, the particles may be aniso 
tropic particles. Examples of such particles are discussed in 
more detail herein. In some cases, a plurality of particles may 
be used, and in some cases, some, or substantially all, of the 
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particles may be the same. For example, at least about 10%, at 
least about 30%, at least about 40%, at least about 50%, at 
least about 60%, at least about 70%, at least about 80%, at 
least about 90%, at least about 95%, or at least about 99% of 
the particles may have the same shape, and/ or may have the 
same composition. For example, in one embodiment, at least 
about 50% of the particles delivered to the skin may have the 
same shape, and/or may have the same composition. For 
instance, at least about 50% of the particles may be anisotro 
pic particles. 
[0080] The particles may be used for a variety of purposes. 
For instance, the particles may contain a diagnostic agent or a 
reaction entity able to interact With and/or associate With an 
analyte, or another reaction entity, or other particles. Such 
particles may be useful, for example, to determine one or 
more analytes, such as a marker of a disease state, as dis 
cussed beloW. As another example, the particles may contain 
a drug or a therapeutic agent, positioned on the surface and/or 
internally of the particles, Which may be released by the 
particles and delivered to the subject. Speci?c examples of 
these and other embodiments are discussed in detail beloW. 

[0081] In some cases, materials such as particles may 
become embedded Within the skin, e.g., Within a pooled 
region of ?uid, for example, due to physical properties of the 
materials (e. g., siZe, hydrophobicity, etc.), and/ or by draining 
at least a portion of the ?uidWithin the pooled region such that 
the material is unable to escape, thereby remaining contained 
betWeen the dermis and epidermis layers of the skin. Thus, in 
some cases, a depot of material may be formed Within the 
skin, and the depot may be temporary or permanent. For 
instance, materials Within the depot may eventually degrade 
(e. g., if the material biodegradable), enter the bloodstream, or 
be sloughed off to the environment, e.g., as the cells of the 
dermis differentiate to form neW epidermis and accordingly 
push the material toWards the surface of the skin. Thus, the 
depot of material may be present Within the subject on a 
temporary basis (e.g., on a time scale of days or Weeks), in 
certain instances. 

[0082] Fluid may be drained from the pooled region using 
any suitable technique, for example, by externally removing 
the ?uid from the pooled region (e.g., using techniques such 
as those discussed beloW), and/ or by removing the vacuum or 
other stimulus used to cause the pooled region to occur, 
thereby alloWing the ?uid to become resorbed Within the 
subject. Such resorption may occur, for example on a time 
scale of minutes to hours, depending on factors such as the 
siZe or volume of the pooled region of ?uid. For example, in 
one embodiment, ?uid is WithdraWn using a needle such as a 
hypodermic needle. In some cases, this needle may also be 
used to deliver particles or other materials to the skin. 

[0083] Fluids may also be externally removed from skin, 
e.g., from a pooled region of ?uid, for example, to at least 
partially drain the pooled region of ?uid, and/ or for analysis. 
For instance, at least a portion of the ?uid may be stored, 
and/or analyZed to to determine one or more analytes, e.g., a 
marker for a disease state, or the like. The ?uid WithdraWn 
from the skin may be subjected to such uses, and/or one or 
more materials previously delivered to the skin (e.g., par 
ticles) may be subject to such uses. The ?uid may be removed 
using any suitable technique. For example, in one embodi 
ment, ?uid is WithdraWn using a needle such as a hypodermic 
needle. In some cases, this needle may also be used to deliver 
particles or other materials to the skin. The ?uid may also be 
WithdraWn using vacuums such as those discussed herein in 
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another embodiment of the invention. For example, vacuum 
may be applied to a conduit, such as a needle, in ?uidic 
communication With interstitial ?uid, e.g., Within a pooled 
region of ?uid, in order to draW up at least a portion of the ?uid 
from the pooled region. In yet another embodiment, ?uid is 
WithdraWn using capillary action (e.g., using a hypodermic 
needle having a suitably narroW inner diameter). In still 
another embodiment, pressure may be applied to force ?uid 
out of the needle. 

[0084] In still another embodiment, ?uid may be With 
draWn using a hygroscopic agent applied to the surface of the 
skin, or proximate the skin. In some cases, pressure may be 
applied to drive the hygroscopic agent into the skin. Hygro 
scopic agents typically are able to attract Water from the 
surrounding environment, for instance, through absorption or 
adsorption. Non-limiting examples of hygroscopic agents 
include sugar, honey, glycerol, ethanol, methanol, sulfuric 
acid, methamphetamine, iodine, many chloride and hydrox 
ide salts, and a variety of other substances. Other examples 
include, but are not limited to, Zinc chloride, calcium chlo 
ride, potassium hydroxide or sodium hydroxide. In some 
cases, a suitable hygroscopic agent may be chosen based on 
its physical or reactive properties, e.g., inertness or biocom 
patibility toWards the skin of the subject, depending on the 
application. 
[0085] In some cases, ?uids or other materials delivered to 
the subject may be used for indication of a past, present and/or 
future condition of the subject. Thus, the condition of the 
subject to be determined may be one that is currently existing 
in the subject, and/or one that is not currently existing, but the 
subject is susceptible or otherWise is at an increased risk to 
that condition. The condition may be a medical condition, 
e.g., diabetes or cancer, or other physiological conditions, 
such as dehydration, pregnancy, illicit drug use, or the like. 
Additional non-limiting examples are discussed beloW. In 
one set of to embodiments, the materials may include a diag 
nostic agent, for example, one Which can determine an ana 
lyte Within the subject, e.g., one that is a marker for a disease 
state. Examples of such markers have been discussed above. 
As a speci?c non-limiting example, material delivered to the 
skin, e.g., to the dermis or epidermis, to a pooled region of 
?uid, etc., of a subject may include a particle including an 
antibody directed at a marker produced by bacteria. 
[0086] In other cases, hoWever, the materials delivered to 
the subject may be used to determine conditions that are 
external to the subject. For example, the materials may con 
tain reaction entities able to recogniZe pathogens or other 
environmental conditions surrounding the subject, for 
example, an antibody able to recogniZe an external pathogen 
(or pathogen marker). As a speci?c example, the pathogen 
may be anthrax and the antibody may be an antibody to 
anthrax spores. As another example, the pathogen may be a 
Plasmodia (some species of Which causes malaria) and the 
antibody may be an antibody that recogniZes the Plasmodia. 
[0087] Another aspect of the present invention is generally 
directed to devices able to cause the formation of the pooled 
region of ?uids Within the skin of a subject, and in some cases, 
to devices able to deliver and/or remove ?uids or other mate 
rials from the pooled region of ?uids. It should be understood, 
hoWever, that other devices in other aspects do not require the 
formation of pooled regions of ?uids Within the skin. In some 
cases, the device may be able to collect bodily ?uids such as 
interstitial ?uid or blood from the skin, including ?uid from a 
pooled region of ?uid, or from other locations. For example, 
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the device may take the form of a skin “patch,” according to 
one embodiment. Typically, a skin patch includes one or more 
layers of material that are adhered to the surface of the skin, 
and can be applied by the subject or another person. In certain 
embodiments, layers or portions of the skin patch may be 
removed, leaving other layers or portions behind on the skin. 
Often, the skin patch lacks an external poWer source, although 
the various layers of the patch may contain various chemicals, 
such as drugs, therapeutic agents, diagnostic agents, reaction 
entities, etc. In some cases, the skin patch may also include 
mechanical elements as Well, for example, a cutter such as is 
discussed herein. 

[0088] As a speci?c, non-limiting example, in one embodi 
ment, a skin patch or other device may be used to create a 
suction blister Without an external poWer and/ or a vacuum to 

source. Examples of such devices include, besides skin 
patches, strips, tapes, bandages, or the like. For instance, a 
skin patch may be contacted With the skin of a subject, and a 
vacuum created through a change in shape of a portion of the 
skin patch or other device (e.g., using a shape memory poly 
mer), Which may be used to create a suction blister and/or 
WithdraW ?uid from the skin. As a speci?c example, a shape 
memory polymer may be shaped to be ?at at a ?rst tempera 
ture (e. g., room temperature) but curved at a second tempera 
ture (e.g., body temperature), and When applied to the skin, 
the shape memory polymer may alter from a ?at shape to a 
curved shape, thereby creating a vacuum. As another 
example, a mechanical device may be used to create the 
vacuum, For example, springs, coils, expanding foam (e.g., 
from a compressed state), a shape memory polymer, shape 
memory metal, or the like may be stored in a compressed or 
Wound released upon application to a subject, then released 
(e.g., unWinding, uncompressing, etc.), to mechanically cre 
ate the vacuum. Thus, in some cases, the device is “pre 
packaged” With a suitable vacuum source (e.g., a pre-evacu 

ated vacuum chamber); for instance, in one embodiment, the 
device may be applied to the skin and activated in some 
fashion to create and/or access the vacuum source. One 

example is described beloW With respect to FIG. 8. In yet 
another example, a chemical reaction may be used to create a 
vacuum, e.g., a reaction in Which a gas is produced, Which can 
be harnessed to provide the mechanical force to create a 
vacuum. In still another example, a component of the device 
may be able to create a vacuum in the absence of mechanical 
force. In another example, the device may include a self 
contained vacuum actuator, for example, chemical reactants, 
a deformable structure, a spring, a piston, etc. 

[0089] FIGS. 8C-8E illustrates an embodiment Where a 
compressed foam is used to create a suction blister. In FIG. 
8C, device 80 is placed on skin 57, and includes compressed 
foam 95. Device 80 includes a cutter 54 able to cut a portion 
of the skin, e.g., When pressed doWn onto the skin as is shoWn 
in FIG. 8D, e.g., creating a hole 97. In addition, the foam may 
be alloWed to expand in some fashion after the device has 
been placed on the skin. For example, a housing portion of 
device 80 may be removed to alloW expansion of the foam to 
occur. Expansion of the foam, as is shoWn in FIG. 8E, may 
create a suction and thereby cause the formation of a suction 
blister 99, and/ or may alloW ?uids to be WithdraWn from the 
skin. 

[0090] Accordingly, in one set of embodiments, the skin 
patch or other device may be used to create a suction blister 
automatically, once activated, Without any external control by 
a user. In other embodiments, hoWever, the device may be 
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larger. For instance, the device may be a handheld device that 
is applied to the surface of the skin of a subject. In some cases, 
however, the device may be su?iciently small or portable that 
the subject can self-administer the device. In certain embodi 
ments, the device may also be poWered. In some instances, the 
device may be applied to the surface of the skin, and is not 
inserted into the skin. 

[0091] In other embodiments, hoWever, at least a portion of 
the device may be inserted into the skin, for example, 
mechanically. For example, in one embodiment, the device 
may include a cutter, such as a hypodermic needle, a knife 
blade, a piercing element (e.g., a solid or holloW needle), or 
the like, as discussed herein. In some cases, the device may 
comprise a cutter able to cut or pierce the surface of the skin. 
The cutter may comprise any mechanism able to create a path 
to a ?uid Within the skin, e.g., through Which ?uids may be 
delivered and/or removed from the skin. For example, the 
cutter may comprise a hypodermic needle, a knife blade, a 
piercing element (e.g., a solid or a holloW needle), or the like, 
Which can be applied to the skin to create a suitable conduit 
for the WithdraWal of ?uid from the skin. In one embodiment, 
a cutter is used to create such a pathWay and removed, then 
?uid is removed via this pathWay using any suitable tech 
nique. In another embodiment, the cutter remains in place 
Within the skin, and ?uid may be draWn through a conduit 
Within the cutter. 

[0092] As an example, the device may be constructed such 
that a cutter or a needle is inserted into the skin after a suction 
blister is formed. In some cases, the device may be designed 
such that portions of the device are separable. For example, a 
?rst portion of the device may be removed from the surface of 
the skin, leaving other portions of the device behind on the 
skin. In one embodiment, a stop may also be included to 
prevent or control the depth to Which the cutter or other device 
inserts into the skin, e. g., to control penetration to the epider 
mis, dermis, etc. 
[0093] Various non-limiting examples of such devices are 
illustrated in FIG. 2. In FIG. 2A, device 50 includes an inter 
face 25 that can be used to apply vacuum to the surface of the 
skin 10, thereby creating a pooled region of ?uid 20 Within the 
skin betWeen the epidermis 15 and the dermis 17. In the 
embodiment illustrated, device 50 includes to conduit 27, 
Which can be connected in ?uidic communication With a 
vacuum source, such as a vacuum pump or an external (line) 

vacuum source. In this ?gure, device 50 also includes a cutter, 
in this case a hypodermic needle, that canbe extended into the 
pooled region of ?uid, and used to deliver and/or remove 
?uids or other materials from the pooled region of ?uid. In 
this ?gure, the hypodermic needle is used both to create a 
conduit Within the skin and to delivery and/or remove ?uids 
from the skin; in other embodiments, hoWever, the needle (or 
other device) may be removed from the skin, leaving behind 
a “hole” Within the skin through Which ?uids can be delivered 
and/ or removed. In this ?gure, ?uid WithdraWn from the 
pooled region of ?uid may be delivered to a sensor 52, Which 
can be used to determine an analyte, such as a marker for a 
disease state, that is present Within skin 10. The cutter may be 
an integral part of device 50, or a separate device. In some 
cases, device 50 may comprise separably removable portions. 
For instance, after creating the suction blister, interface 25 
may be removable from device 50, leaving hypodermic 
needle 40 Within skin 10. 

[0094] Another example of a device is shoWn in FIG. 2B. In 
this ?gure, device 10 includes conduit 27, in Which ?uids can 

Oct. 7, 2010 

be delivered and/or removed. In one embodiment, a ?uid, 
such as saline, is delivered through conduit 27, thereby cre 
ating a pooled region of ?uid betWeen the epidermis 15 and 
the dermis 17. Optionally, materials such as particles may be 
delivered into the pooled region of ?uid using conduit 27, e. g., 
for therapeutic or diagnostic purposes. In some cases, after 
creation of the pooled region of ?uid Within skin 10, at least a 
portion of the ?uid may be removed through conduit 27 (or a 
separate conduit, in some cases) for analysis, e.g., as previ 
ously discussed. 
[0095] In FIG. 2C, a similar device is shoWn, including a 
cutter 54, such as a hypodermic needle or a knife blade, that 
can be inserted into the skin and used to at least partially 
separate the epidermis from the dermis to alloW for the cre 
ation of a pooled region of ?uid 20. For example, cutter 54 
may separate the epidermis from the dermis by delivering a 
separation chemical to this region, and/or by conducting heat 
to this region. Also shoWn in this example is conduit 27, 
Which may be used to deliver and/or remove ?uid from the 
pooled region of ?uid. In some cases, cutter 54 and conduit 27 
may be separately administered to the subject, e.g., sequen 
tially or simultaneously. In another embodiment, both may be 
part of the same device that is administered to skin 10, and in 
some cases, cutter 54 may be separated from conduit 27, e.g., 
such that cutter 54 can be removed from the skin While con 
duit 27 remains Within the skin. 

[0096] FIG. 3A illustrates a device according to another 
embodiment of the invention. In this example, a device 60 is 
applied to skin 63. Device 60 may be, for instance, a patch, an 
applique, a mechanical device, or the like. A vacuum is cre 
ated betWeen device 60 and the skin in region 65. The vacuum 
may be contained by the device itself, and/or through connec 
tion With a vacuum source, such as a vacuum pump or an 

external (line) vacuum source. Other examples of vacuum 
sources include, but are not limited to, syringes, bulbs, 
vacuum pumps, Venturi tubes, or even manual (mouth) suc 
tion. Also shoWn in FIG. 3B is cutter 70. Cutter 70 may be, for 
example, a needle or a microneedle, a knife blade, or the like. 

[0097] As the suction blister forms Within the skin, portions 
of the skin may be uplifted due to the pooled region of ?uid, 
shoWn in FIG. 3B as portion 64 extending upWardly into 
region 65 of device 60. As portion 64 extends upWard into 
region 65, it comes into contact With cutter 70. Under certain 
conditions, the skin may extend upWard suf?ciently into 
region 65 that cutter 70 cuts into skin 65, as is shoWn in FIG. 
3C. For instance, if cutter 70 is a hypodermic needle, upon 
piercing of the needle into the skin, the needle may be used to 
access interstitial ?uid Within the skin, e.g., Within a pooled 
region of ?uid Within the skin forming the suction blister. 
Accordingly, ?uid may be WithdraWn and/ or materials such 
as particles may be delivered into the pooled region using the 
hypodermic needle. 
[0098] As additional examples, the device may comprise a 
?rst portion able to create a pooled region of ?uid Within the 
skin of a subject and a second portion able to determine ?uid 
removed from the pooled region, or a ?rst portion able to 
create a pooled region of ?uid Within the skin of a subject and 
a second portion able to deliver ?uid to the pooled region of 
?uid, Where the various portions may be separated from each 
other. For instance, the ?uid itself may be determined (for 
example, the presence and/or absence of the ?uid, the con 
centration of ?uid, the volume of ?uid, etc.), or an analyte 
Within the ?uid may be determined, e.g., qualitatively or 
quantitatively, Whether the analyte is present and/ or absent, 
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etc. As yet another example, the device may comprise a ?rst 
portion able to create a pooled region of ?uid Within the skin 
of a subject, a second portion able to determine ?uid removed 
from the pooled region, and a third portion able to deliver 
?uid to the pooled region of ?uid, Where some or all of the 
portions may be separated from each other. 
[0099] In certain embodiments, the device is able to create 
a pooled region of ?uid Within the skin of a subject. In one 
embodiment, the device is able to create vacuum on the sur 
face of the skin, e.g., to form a suction blister Within the skin. 
In other embodiments, hoWever, the device may create a 
vacuum to WithdraW ?uid from the skin Without necessarily 
creating a pooled region of ?uid or forming a suction blister 
Within the skin. In one set of embodiments, ?uids may be 
delivered to or WithdraWn from the skin using vacuum. The 
vacuum may be an external vacuum source, and/or the 
vacuum source may be self-contained Within the device. For 
example, vacuums of at least about 50 mmHg, at least about 
100 mmHg, at least about 150 mmHg, at least about 200 
mmHg, at least about 250 mmHg, at least about 300 mmHg, 
at least about 350 mmHg, at least about 400 mmHg, at least 
about 450 mmHg, at least about 500 mmHg, at least 550 
mmHg, at least 600 mmHg, at least 650 mmHg, at least about 
700 mmHg, or at least about 750 mmHg may be applied to the 
skin to cause a suction blister. Any source of vacuum may be 
used. For example, the device may comprise a vacuum 
source, and/or be connectable to a vacuum source is external 
to the device, such as a vacuum pump or an external (line) 
vacuum source. In some cases, vacuum may be created manu 

ally, e.g., by manipulating a syringe pump or the like, or the 
loW pressure may be created mechanically or automatically, 
e.g., using a piston pump, a syringe, a bulb, a Venturi tube, 
manual (mouth) suction, etc. or the like. 
[0100] As mentioned, any source of vacuum may be used. 
For example, the device may comprise an internal vacuum 
source, and/or be connectable to a vacuum source is external 

to the device, such as a vacuum pump or an external (line) 
vacuum source. 

[0101] In one set of embodiments, a device of the present 
invention may not have an external poWer and/ or a vacuum 
source. In some cases, the device is “pre-loaded” With a 
suitable vacuum source; for instance, in one embodiment, the 
device may be applied to the skin and activated in some 
fashion to create and/or access the vacuum source. As one 

example, a device of the present invention may be contacted 
With the skin of a subject, and a vacuum created through a 
change in shape of a portion of the device (e.g., using a shape 
memory polymer), or the device may contain one or more 
sealed, self-contained vacuum compartments, Where a seal is 
punctured in some manner to create a vacuum. For instance, 
upon puncturing the seal, a vacuum compartment may be in 
?uidic communication With a needle, Which can be used to 
move the skin toWards the device, WithdraW ?uid from the 
skin, or the like. 

[0102] As another example, a shape memory polymer may 
be shaped to be ?at at a ?rst temperature (e. g., room tempera 
ture) but curved at a second temperature (e. g., body tempera 
ture), and When applied to the skin, the shape memory poly 
mer may alter from a ?at shape to a curved shape, thereby 
creating a vacuum. As yet another example, a mechanical 
device may be used to create the vacuum, For example, 
springs, coils, expanding foam (e.g., from a compressed 
state), a shape memory polymer, shape memory metal, or the 
like may be stored in a compressed or Wound released upon 
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application to a subject, then released (e. g., unWinding, 
uncompressing, etc.), to mechanically create the vacuum. 
Non-limiting examples of shape-memory polymers and met 
als include Nitinol, compositions of oligo(epsilon-caprolac 
tone)diol and crystalliZable oligo(rho-dioxanone)diol, or 
compositions of oligo(epsilon-caprolactone)dimethacrylate 
and n-butyl acrylate. 
[0103] In some cases, the device includes an interface that 
is able to apply vacuum to the skin. The interface may be, for 
example, a suction cup or a circular boWl that is placed on the 
surface of the skin, and vacuum applied to the interface to 
create a vacuum. In one set of embodiments, the interface is 
part of a support structure, as discussed herein. The interface 
may be formed from any suitable material, e.g., glass, rubber, 
polymers such as silicone, polyurethane, nitrile rubber, 
EPDM rubber, neoprene, or the like. In some cases, the seal 
betWeen the interface and the skin may be enhanced (e.g., 
reducing leakage), for instance, using vacuum grease, petro 
leum jelly, a gel, a hydrogel, or the like. In some cases, the 
interface may be relatively small, for example, having a diam 
eter of less than about 5 cm, less than about 4 cm, less than 
about 3 cm, less than about 2 cm, less than about 1 cm, less 
than about 5 mm, less than about 4 mm, less than about 3 mm, 
less than about 2 mm, or less than about 1 mm. The interface 
may be circular, although other shapes are also possible, for 
example, square, star-shaped (having 5, 6, 7, 8, 9, 10, 11, etc. 
points), tear-drop, oval, rectangular, or the like. In some 
cases, non-circular shapes may be used since high-energy 
points, e. g., the points or corners of the shape may enhance or 
accelerate blister formation. Non-limiting examples of such 
shapes are shoWn in FIG. 6. Other non-circular shapes besides 
these may also be used in other embodiments. 

[0104] The interface may also be selected, in some cases, to 
keep the siZe of the pooled region beloW a certain area, e.g., to 
minimiZe pain or discomfort to the subject, for aesthetic 
reasons, or the like. The interface may be constructed out of 
any suitable material, e.g., glass, plastic, or the like. 
[0105] The device may also comprise, in some cases, a 
portion able to deliver materials such as particles into the skin, 
for example, into the dermis or epidermis, into a pooled 
region Within the skin, etc. For example, the device may 
include a needle such as a hypodermic needle or micron 
eedles, or jet injectors such as those discussed beloW. As an 
example, in one embodiment, a needle such as a hypodermic 
needle can be used to deliver and/ or WithdraW ?uid to or from 
the skin. In some cases, for example, ?uid may be delivered 
and/or WithdraWn from a pooled region of ?uid in the skin, if 
present. Hypoderrnic needles are Well-knoWn to those of ordi 
nary skill in the art, and can be obtained commercially With a 
range of needle gauges. For example, the needle may be in the 
20-30 gauge range, or the needle may be 32 gauge, 33 gauge, 
34 gauge, etc. 

[0106] Accordingly, in one set of embodiments, many tech 
niques for delivering and/ or WithdraWing ?uid are described 
in the applications incorporated herein. It is to be understood 
that, generally, ?uids may be delivered and/ or WithdraWn in a 
variety of Ways, and various systems and methods for deliv 
ering and/or WithdraWing ?uid from the skin are discussed 
herein. It should also be understood that techniques for deliv 
ering materials into a pooled region of the skin are by Way of 
example only, and that in other aspects, the invention is 
directed to techniques for delivering and/ or WithdraWing ?uid 
from the skin of a subject (With or Without the presence of a 
pooled region of the skin). Some additional non-limiting 










































