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(57) ABSTRACT 
The present invention is directed to devices, systems and 
methods for removing undesirable materials from a sample 
?uid by contact with a second ?uid. The sample ?uid ?ows 
as a thin layer adjacent to, or between, concurrently ?owing 
layers of the second ?uid, without an intervening membrane. 
In various embodiments, a secondary separator is used to 
restrict the removal of desirable substances and e?‘ect the 
removal of undesirable substances from blood. The inven 
tion is useful in a variety of situations where a sample ?uid 
is to be puri?ed via a di?usion mechanism against an 
extractor ?uid. Moreover, the invention may be used for the 
removal of components from a sample ?uid that vary in siZe. 
When blood is the sample ?uid, for example, this may 
include the removal of ‘small’ molecules, ‘middle’ mol 
ecules, macromolecules, macromolecular aggregates, and 
cells, from the blood sample to the extractor ?uid. 
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SYSTEMS AND METHODS OF BLOOD-BASED 
THERAPIES HAVING A MICROFLUIDIC 
MEMBRANELESS EXCHANGE DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation-in-part of and 
claims the bene?t ofU.S. Ser. No. 10/801 ,366, ?led Mar. 15, 
2004 and a continuation-in-part of PCT International Appli 
cation No. PCT/US04/07966, ?led Mar. 15, 2004, and 
claims the bene?t of US. Provisional Patent Application No. 
60/454,579, ?led Mar. 14, 2003, each of Which is hereby 
incorporated by reference herein in its entirety. 

FIELD OF THE INVENTION 

[0002] Generally speaking, the present invention relates to 
the puri?cation of a sample ?uid. More particularly, the 
present invention relates to the puri?cation of a sample ?uid 
(e. g., blood ?uid) by selectively removing components using 
a micro?uidic membraneless exchange device. 

BACKGROUND OF THE INVENTION 

[0003] Extracorporeal processing of blood is knoWn to 
have many uses. Such processing may be used, for example, 
to provide treatment of a disease. Hemodialysis is the most 
commonly employed form of extracorporeal processing for 
this purpose. Additional uses for extracorporeal processing 
include extracting blood components useful in either treating 
others or in research. Apheresis of plasma (i.e., plasmapher 
esis) and thrombocytes, or platelets, are the procedures most 
commonly employed for this purpose. 

[0004] Many different extracorporeal blood processing 
processes have been developed, each of Which seeks to 
remove certain components from the blood, depending on 
the reason for processing the blood. (It Will be understood 
that as used herein, blood, or blood ?uid, refers to any ?uid 
having blood components from Which extraction of certain 
components, such as toxins or metabolites present in excess, 
is desired.) The most common process utiliZes an arti?cial 
membrane of substantial area, across Which selected blood 
components are induced to ?oW. This ?oW is generally 
induced by a transmembrane difference in either concentra 
tion or pressure, or a combination of the tWo. Another form 
of blood processing calls for the separation of certain 
components from blood by passing the blood over sorbent 
particles. In yet other forms of blood processing, not prac 
ticed as commonly, blood is directly contacted With an 
immiscible liquid (e.g., a ?uorocarbon liquid), With the 
desired result being the removal of dissolved carbon dioxide 
and the provision of oxygen. The usefulness of blood 
processing techniques employing immiscible liquids is lim 
ited, hoWever, because these immiscible liquids generally 
have very limited capacity to accept the blood components 
that it is desirable to extract. 

[0005] One common example of a therapeutic use for 
blood processing is the mitigation of the species and volume 
imbalances accompanying end-stage renal disease. The 
population of patients treated in this manner (i.e., through 
hemodialysis) exceeds 260,000 and continues to groW, With 
the cost of basic therapy exceeding $5 billion per year 
excluding complications. The overWhelming majority of 
these patients (about 90%), moreover, are treated in dialysis 
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centers, generally in thrice-Weekly sessions. While proce 
dures have beeniand continue to beire?ned, the compo 
nents and the geometry of hemodialysis Were largely ?xed 
in the l970’s: a bundle of several thousand, permeable 
holloW ?bers, each about 25 cm long and about 200 um 
internal diameter, perfused externally by dialyZing solution, 
With the device operated principally in a di?‘usive mode but 
With a transmembrane pressure applied to induce a convec 
tive out?oW of Water. UpWard of 120 liters per Week of 
patient blood are dialyZed against upWards of 200 liters per 
Week of dialyZing solution, often in three Weekly treatments 
that total as little as seven to nine hours per Week. These 
numbers vary someWhat, and competing technologies exist, 
but the basic approach just described predominates. 

[0006] Despite the bene?ts of therapies (e.g., hemodialy 
sis) using the various forms of blood processing described 
above, the prolongation of life achieved is complicated by 
the progression and complexity of the disease the therapies 
are used to treat (feW patients on dialysis are ever completely 
rehabilitated), and by several problems that are innate to the 
therapies themselves. For example, problems arise With 
blood processing as a result of the contact of blood With 
extensive areas of arti?cial membrane (as in the case of 
hemodialysis), and Well as the contact of blood With sorbents 
or immiscible ?uids as described above. In particular, this 
contact often induces biochemical reactions in the blood 
being processed, including the reactions that are responsible 
for clotting, activation of the complement system, and 
irreversible aggregation of blood proteins and cells. 

[0007] Another problem associated With knoWn blood 
processing techniques is that the contact of blood With an 
arti?cial membrane (or another medium, such as a surface of 
a sorbent or immiscible ?uid) is likely to cause the blood 
medium interface to become fouled. It is generally knoWn 
that therapeutic interventions (e.g., those related to end 
stage renal disease) are optimally conducted With sloW 
delivery and in as nearly a continuous fashion as possible, in 
emulation of the continuous action of a natural kidney. 
HoWever, fouling caused by the contact of blood With the 
medium limits the time that a device Which contains these 
interfaces can be usefully employed. As a result, portable 
blood processing devices become impractical, and patients 
are generally forced to undergo the type of episodic dialysis 
schedule described above, Which creates many negative side 
effects such as physical exhaustion and excessive thirst. 
Moreover, even While daily dialysis (e.g., 1.5-2.0 hours, six 
days per Week) or nocturnal dialysis (e.g., 8-10 hours, 6-7 
nights per Week) improves this situation by extending treat 
ment times, a patient using one of these forms of treatment 
or a partner is required to master technical procedures and, 
as many ?nd especially onerous, to access patient blood by 
the insertion of usually tWo relatively large needles into a 
vein or arti?cial, subcutaneous ?stula. 

[0008] In light of the above, it Would be desirable to 
provide techniques for processing blood in Which treatment 
times are extended (With consequently loWer rates of ?oW) 
and that do not require a patient to initiate and terminate 
blood access. Moreover, it Would also be desirable to 
provide techniques for processing blood that eliminate (or at 
least reduce) the inducement of undesirable biochemical 
reactions, and Where the blood-medium interfaces do not 
become fouled. 
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SUMMARY OF THE INVENTION 

[0009] The above and other de?ciencies associated With 
existing blood processing processes are overcome in accor 
dance With the principles of the present invention Which are 
described below. According to one aspect of the invention, 
a membraneless exchange device for extracting components 
from a sample ?uid is described Which includes ?rst, second 
and third inlet channels, ?rst, second and third exit channels 
and a micro?uidic extraction channel connected to the ?rst, 
second and third inlet channels and the ?rst, second and third 
exit channels and a ?ush port. Moreover, laminar ?oWs of a 
?rst extractor ?uid, the sample ?uid, and a second extractor 
?uid are established inside the extraction channel, and 
sheathing of the sample ?uid by the ?rst and second extrac 
tor ?uids substantially limits contact betWeen the sample 
?uid and the surfaces of the extraction channel. 

[0010] According to another embodiment of the present 
invention, a system for performing hemodialysis is provided 
Which includes a membraneless exchange device including 
?rst and second dialysate inlet channels, blood inlet and exit 
channels, ?rst and second dialysate exit channels and a 
micro?uidic dialysis channel connected to the ?rst and 
second dialysate inlet and outlet channels and the blood inlet 
and exit channels. Moreover, laminar ?oWs of a ?rst dialy 
sate ?uid, blood ?uid, and a second dialysate ?uid are 
established in order inside the dialysis channel, and at least 
some of the components of the blood ?uid exit the device 
through the ?rst and second dialysate exit channels. Addi 
tionally, according to the invention, a secondary processor 
receives the dialysate ?uid and the at least some of the 
components of the blood ?uid exiting the device through the 
?rst and second dialysate exit channels. 

[0011] In yet another embodiment of the present inven 
tion, a method for extracting components from a sample 
?uid is provided Which includes establishing laminar ?oWs 
of a ?rst extractor ?uid, the sample ?uid and a second 
extractor ?uid inside a micro?uidic extraction channel. 
Sheathing of the sample ?uid by the ?rst and second 
extractor ?uids, moreover, substantially limits contact 
betWeen the sample ?uid and the surfaces of the extraction 
channel. The method further includes WithdraWing the ?rst 
extractor ?uid, the sample ?uid and the second extractor 
?uid from the extraction channel such that at least a portion 
of the sample ?uid is removed together With the ?rst 
extractor ?uid and the second extractor ?uid and apart from 
the remainder of the sample ?uid. 

[0012] A method for performing hemodialysis is also 
provided Which includes establishing laminar ?oWs of a ?rst 
dialysate ?uid, blood ?uid and a second dialysate ?uid inside 
a micro?uidic extraction channel, WithdraWing the ?rst 
dialysate ?uid, the blood ?uid and the second dialysate ?uid 
from the extraction channel such that at least some of the 
components of the blood ?uid are removed together With the 
?rst dialysate ?uid and the second dialysate ?uid and apart 
from the remainder of the blood ?uid, and providing the ?rst 
and second dialysate ?uids and the at least some of the 
components of the blood ?uid to a secondary processor. 

[0013] In general, hoWever, the present invention is 
directed toWard micro?uidic membraneless exchange 
devices and systems, and methods of making the same, for 
selectively removing undesirable materials from a sample 
?uid (e.g., blood ?uid) by contact With a miscible ?uid 
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(extractor ?uid or secondary ?uid, e. g., dialysate). A microf 
luidic device, as considered in this application, has channels 
Whose height is less than about 0.6 mm, Where “height” is 
the dimension perpendicular to the direction of ?oW and also 
perpendicular to the interfacial area across Which transport 
occurs. For example, ?oW patterns and species exchanges 
occur When blood is ?oWed as a thin layer adjacent to, or 
betWeen, concurrently ?oWing layers of a secondary ?uid, 
Without an intervening membrane. The secondary ?uid, 
moreover, is generally miscible With blood and diffusive and 
convective transport of all components is expected. The 
folloWing reference Which refers to membraneless devices 
described beloW is hereby incorporated by reference in its 
entirety: Leonard et al., Dialysis Without Membranes: HoW 
and Why?, Blood Puri?cation 22 (l) 2004 92-100. 

[0014] Sheathing a core of blood With the miscible ?uid, 
or assuring that the miscible ?uid lies betWeen at least a 
substantial portion of the blood and the enclosing boundaries 
of the ?oW path, prevents or at least limits contact of the 
blood With these boundaries. In turn, this con?guration of 
the tWo ?uids prevents or at least reduces the undesirable 
activation of factors in the blood, thereby minimiZing bio 
incompatibilities that have been problematic in prior tech 
niques of blood processing. 

[0015] The invention also eliminates or at least substan 
tially reduces the fouling reactions that have been knoWn to 
be a major deterrent to the continuous use of an extracor 
poreal extraction device. In particular, as the primary trans 
port surface in the membraneless exchange device (also 
referred to herein as a membraneless separator) of the 
invention is intrinsically non-fouling, a major deterrent to 
long-term or continuous operation is removed, opening the 
possibility to the design and construction of small, Wearable 
devices or systems With the recogniZed bene?ts of nearly 
continuous blood treatment. Such a device or system could 
be very small and Worn or carried by the patient (e.g., 
outside of a hospital or clinic setting), and could be supplied 
With external buffer reservoirs (in a back-pack, briefcase, or 
from a reservoir located in the home, located at the place of 
Work, etc.). Further, because fouling Would be reduced, and 
sustained operation at loW blood ?oWs over long times 
Would be alloWed, such anticoagulation as might be required 
is likely to have an effect con?ned to the extracorporeal 
circuit. As understood by those skilled in the art, avoiding 
systemic anticoagulation outside of the clinic is highly 
desirable. 

[0016] The devices, systems and methods of the invention 
described herein also have the bene?t of being capable of 
diffusing various blood components having different siZes. 
In particular, the ?oW of blood and a miscible ?uid With 
Which it is in contact can be controlled for the purpose of 
achieving the desired separation of components. For 
example, ?oW adjustment can minimiZe cellular migration 
across the interface. A sheath ?uid can be used to give the 
discrimination of a membrane betWeen large and small 
molecules that cannot be achieved by a denuded interface, 
no matter hoW exposure time (adjacent ?oWs) is varied. For 
example, as explained beloW, various ?oW conditions may 
be used that cause blood cells to move aWay from the 
blood-liquid interface, thereby making it is possible to 
“skim” blood in order to remove substantial amounts of 
plasma, Without cells. 
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[0017] As also discussed below, membraneless contact of 
a thin layer of blood With a sheathing ?uid according to the 
present invention may be used to cause high rates of 
exchange per unit area of blood-sheathing ?uid contact for 
all solutes, but With a discrimination among free (unbound) 
solutes that is less than the square-root of the ratio of their 
dilfusion coe?icients. Moreover, While high exchange rates 
(e. g., of toxic substances) are often desirable, indiscriminate 
transport is not. Therefore, according to the principles of the 
present invention, a membraneless exchange device as 
described herein is used in conjunction With at least one 
secondary processor (e.g., a membrane device or other type 
of separator) in order to restrict the removal of desirable 
substances and effect the removal of undesirable substances 
from blood. The e?iciency of such a secondary separator is 
greatly increased by the use of a primary separator that is 
capable of delivering cell-depleted (or cell-free) fractions of 
blood to it. Therefore, according to another aspect of this 
invention, transport of molecular components of blood to the 
sheathing ?uid may be indiscriminate. The sheathing ?uid, 
carrying both molecular components Which are, and those 
Which are not, desirable to remove from blood, is provided 
to the secondary separator, such that the ?uid entering the 
secondary separator is substantially cell-free. The secondary 
separator, meanWhile, regulates the operation of the mem 
braneless separator through the composition of the recycle 
stream that it returns (directly or indirectly) to the sheath 
?uid inlets of the membraneless separator. According to the 
principles of the present invention, moreover, a membrane 
based secondary separator used in this manner is able to 
achieve much higher separation rates because concentration 
polarization (i.e., the accumulation of material rejected by 
the secondary separator on the upstream side of the separa 
tor) is limited to proteins and does not involve cells. More 
over, because cells Would be retained in the primary sepa 
rator (i.e., the membraneless exchange device), they Would 
see arti?cial material only on its conduit surfaces, not on its 
liquid-liquid contact area, Whence bioincompatibilities 
should be much reduced. As such, it should be understood 
that the need for anticoagulation may be greatly reduced or 
eliminated. 

[0018] There is a need to establish and break extracorpo 
real blood ?oW. In plain terms, patients dislike the needle 
sticks and even the needle WithdraWals associated With 
home dialysis and Which are necessitated by any dialysis 
system Whose sterile parts are not small enough to travel 
With or Within the patient. While the present invention still 
requires a connect/ disconnect, it is done at the Washing ?uid 
interface. The extracorporeal blood ?oW is continuous and 
because blood sees no membrane it can function inde?nitely 
Without need to interrupt the blood ?oW. Further features of 
the invention, its nature and various advantages, Will be 
more apparent upon consideration of the folloWing detailed 
description, taken in conjunction With the accompanying 
draWings, in Which like reference characters refer to like 
parts throughout. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 shoWs the velocity pro?le of a core stream 
of blood sheathed on both of its sides by a dialysate ?uid 
calculated for blood With a viscosity assumed tWice that of 
the dialysate ?uid and With a centerline velocity of 5 cm/ sec. 

[0020] FIG. 2 shoWs a plot using Loschmidt’s formula of 
1870, Where each ?uid layer has the same thickness. 
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[0021] FIG. 3 shoWs a simpli?ed vieW of a membraneless 
separator constructed in accordance With the principles of 
the present invention. 

[0022] FIG. 4 shoWs a membraneless separator used for 
the purpose of plasmapheresis in accordance With the prin 
ciples of the present invention. 

[0023] FIG. 5 shoWs the image of a portion of the mem 
braneless separator of FIG. 5 While plasma is being 
skimmed from blood, as obtained by using a CCD camera. 

[0024] FIG. 6 shoWs a simpli?ed block diagram of a 
system including a membraneless separator and a secondary 
separator in accordance With the principles of the present 
invention. 

[0025] FIG. 7 shoWs a more detailed vieW of a system 
including primary and secondary separators in accordance 
With the principles of the present invention. 

[0026] FIG. 8 shoWs the con?guration of a system sub 
divided into three units in accordance With the principles of 
the present invention. 

[0027] FIG. 9 shoWs the routing of ?uids betWeen sepa 
rate units in accordance With the principles of the present 
invention. 

[0028] FIG. 10 is a diagram shoWing a cross-section of 
blood ?oWing at a mean velocity of 68.34 mm/sec, sand 
Wiched betWeen tWo layers of sheath ?uid, each ?oWing at 
a mean velocity of 37.52 mm/ sec. Each layer is ?oWing from 
left to right. Each layer is 100 micrometers (0.1 mm) thick. 
The blood layer is isolated from Wall contact by the layers 
of moving sheath ?uid and experiences a very loW rate of 
shear, evidenced by its very ?at velocity pro?le. 

[0029] FIG. 11 is a graph shoWing BoltZmann’s relation 
ship expressed as extraction fraction, E, betWeen tWo stag 
nant solute layers, each of thickness, B, as a function of time, 
t [18, 19]. The solute has a dilfusion coe?icient of value D. 
In the present paper We apply this result to a different but 
related situation: A central blood layer of thickness 2B 
di?fuses into tWo sheathing streams, also of thickness, 2B. 
Each half of the blood layer feeds one of the tWo sheathing 
streams. The approximate calculations reported here assume 
that each half of the blood layer, Whose thickness is B, 
equilibrates With the sheathing layer, Whose thickness is 2B, 
but Whose velocity is half that of the blood, andinotWith 
standing the operational di?ferencesibehaves according to 
the Boltzmann result. Thus a 100 um blood layer is treated 
as tWo 50 um layers, each communicating With a 50 um layer 
of sheathing ?uid that is traveling With the same velocity as 
the blood. Urea extraction is 90% of its maximum value for 
equal ?oWs When E equals 0.45. This corresponds to a value 
Dt/B2 of 0.848 and requires, for molecules Whose di?‘usion 
coe?icients are in the neighborhood of 10-5 cm2/ sec a blood 
residence time in the contact area of 2.1 sec. The approxi 
mation has been validated With more precise ?nite-element 
calculations and is accurate Within 5%. 

[0030] FIG. 12 is a diagram shoWing hoW blood and 
sheath ?uid circulate together through the blood-sheath 
contractor, driven by a 2-headed peristaltic pump. The ?ush 
port is shoWn. Blood returns to patient. Sheath ?uid enters 
membrane dialyZer and is then recirculated to the blood 
sheath contactor. Dialysate, When connected, ?oWs counter 
current to sheath ?uid in a membrane dialyZer. Blood and 
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sheath ?uid ?oW at all times. Dialysis is effective When 
dialysate is connected. With a device to maintain trans 
membrane pressure in the dialyZer, ultra?ltration can occur 
in the absence of dialysate. The ?ush port allows for periodic 
injection of sterile saline into the sheath stream in order to 
force cells back into bloodstream. Of course, it is likely not 
possible to keep all cells out of the sheath ?uid. The removal 
of cells that ?nd their Way into the sheath ?uid is more 
complicated, and less desirable than returning the cells to the 
bloodstream. In the case Where the cells accumulate to 
concentrations in the sheath ?uid that are undesirable, a 
periodic ?ush can be utilitZed. The volume of the ?ush need 
only be a small fraction of all ?uid removed by the second 
ary separator. The ?ush alloWs for effective return of these 
cells to the bloodstream, and clari?cation of the sheath ?uid. 

[0031] FIG. 13 is a photograph of a prototype of a 
miniaturized dialyZer. Fiber length is about 9 cm, With total 
surface area in the unit shoWn of 500 cm2 of polysulfone 
holloW ?ber. (Manufacturer: Saxonia BioTec, Radeberg, 
Germany.) 
[0032] FIG. 14 is a schematic draWing of a Wrist-size 
Wearable dialysis system. The blood-sheath ?uid contactor, 
shaped as a plate about 5.5><8 cm is siZed to lie on the 
forearm. A tWo-headed peristaltic pump, dialyZer, and con 
trol module are mounted above the plate. PoWer for the 
pump can be provided by a battery shaped to match the 
dimensions of the contactor. The assembly Would be placed 
under a smooth cover in actual patient use. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0033] According to one aspect of the invention, a mem 
braneless exchange device for extracting components from 
a sample ?uid is described Which includes ?rst, second and 
third inlet channels, ?rst, second and third exit channels and 
a micro?uidic extraction channel connected to the ?rst, 
second and third inlet channels and the ?rst, second and third 
exit channels, and Which includes a ?ush port. One embodi 
ment of the ?ush port is depicted in FIG. 12. The ?ush port 
is capable of ‘reverse ?ushing’. In usage of the device of the 
invention, there may be cells entering the sheath ?uid and 
this is undesirable. If no correction is applied (some method 
of removing the cells from the sheath ?uid, or some method 
of returning the cells to the blood), it is inevitable that the 
composition of the sheath ?uid, over a long enough period 
of time, Will approach that of blood, thus obviating many if 
not all of the advantages of the invention. While there are 
many Ways of refreshing the sheath ?uid (such as ?ltration 
or simply discarding and replacing it) it is preferable that the 
cells that had entered the sheath ?uid be periodically 
returned to the blood. If there has been active removal in the 
sheath circuit of toxins and super?uous metabolites, the 
quantity of these materials returned to the patient along With 
the cells Will be negligible and valuable cells Will not be lost. 
It Will be appreciated that cells entering the sheath ?uid have 
only these possible fates: (l) to be destroyed, Which is 
generally undesirable unless the products of the destruction 
are removed, since these products may be harmful if 
returned to the patient, (2) to be removed from the system by 
accumulation on a ?lter, Which presents numerous technical 
di?iculties, or (3) to be returned to the blood stream. The 
latter fate is the most desirable. If it is, hoWever, achieved 
only When the sheath ?uid reaches the same cell concentra 
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tion as blood, much of the bene?t of providing the sheath 
Will be lost. Thus, the bene?ts of sheathing are preserved by 
periodically forcing the return of cells by the simple ?ushing 
process described. So long as the volume of sheath ?uid and 
the substances contained in it are small compared With the 
volume of ?uid removed since the last ?ush, any interruption 
of the removal process is inconsequential. For example, one 
embodiment of the invention provides Water extraction from 
blood at a rate of 3 ml/min. In this embodiment, the total 
volume of sheath ?uid is approximately 3-5 ml. If this ?uid 
is displaced by fresh, sterile saline, it Will be necessary to 
remove that much additional ?uid from the system, but that 
can be accomplished in less than 2 minutes. In one embodi 
ment of the invention, ?ushing Will be carried out about not 
more than once an hour. In other embodiments, the ?ushing 
Will be carried out about tWice an hour, about once every tWo 
hours, about once every 2.5 hours, about once every 3 hours, 
about once every 3.5 hours, about once every 4 hours, about 
once every 4.5 hours, about once every 5 hours, or less often. 
Thus, in this embodiment, the time of treatment necessary to 
achieve a given amount of removal of toxins and surplus 
metabolites, including Water, Will be increased by not more 
than 3%. 

[0034] The membraneless device of the invention utiliZes 
laminar ?oWs Within the device. Laminar ?oWs of a ?rst 
extractor ?uid, the sample ?uid, and a second extractor ?uid 
are established inside the extraction channel, and sheathing 
of the sample ?uid by the ?rst and second extractor ?uids 
substantially limits contact betWeen the sample ?uid and the 
surfaces of the extraction channel. In one embodiment of the 
device, at least 90% of the sample ?uid is sheathed by the 
?rst and second extractor ?uids. In other embodiments, 95% 
of the sample ?uid is sheathed. In yet other embodiments, at 
least a portion of the sample ?uid exits the device With the 
?rst extractor ?uid through the ?rst exit channel, and advec 
tive transport of molecules Within said extraction channel is 
substantially nonexistent. The composition of the ?rst 
extractor ?uid, moreover, is substantially the same as the 
composition of the second extractor ?uid is various embodi 
ments. In other preferred embodiments, the sample ?uid 
?oW is betWeen the ?rst and second extractor ?uid ?oWs. 
Moreover, a ?rst diverter is formed from a portion of the ?rst 
exit channel and a portion of the second exit channel, While 
a second diverter is formed from a portion of the second exit 
channel and a portion of the third exit channel. It should also 
be understood that the device may include a ?rst interface 
formed betWeen the ?rst extractor ?uid ?oW and the sample 
?uid ?oW that is aligned With at least a portion of the ?rst 
diverter, and may also include a second interface formed 
betWeen the second extractor ?uid ?oW and the sample ?uid 
?oW that is aligned With at least a portion of the second 
diverter. In various embodiments of the invention, moreover, 
the sample ?uid is blood ?uid, in Which case it is contem 
plated that the components extracted from the sample ?uid 
are non-cellular components of the blood ?uid. Additionally, 
the device may use a ?rst pump for controlling the ?oW of 
extractor ?uid in the extraction channel, and may use a 
second pump for controlling the ?oW of sample ?uid in the 
extraction channel. When a ?rst pump is used, it may be an 
injection pump that controls the ?oW of extractor ?uid into 
the extraction channel, and a WithdraWal pump may be used 
that controls the ?oW of extractor ?uid out of the extraction 
channel. In one embodiment, one pump controls three (3) 
streams (or ?ve, if the tWo extractor ?uids are considered to 
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be separate). In such a case, the ?oW rate of the 6the stream 
is then determined by physics. In this case, the sixth stream 
is the existing blood from the patient. In this case, therefore, 
the fraction of the blood volume that is removed is con 
trolled by accurately setting the other pumps. Anything else, 
absent a membrane, does not give the control that is needed. 
In one embodiment, the pump used should control di?fer 
entially the ?oW extraction in and out of the device so that 
the forces are controlled and thus prescribes the volume of 
?uid taken from the blood stream. 

[0035] In various embodiments, additionally, a source of 
extractor ?uid is connected to said ?rst inlet channel and a 
source of sample ?uid connected to said second inlet chan 
nel. It Will be understood that the source of sample ?uid can 
be, for example, a human being. In preferred embodiments, 
moreover, the extraction channel of the device according to 
the invention has a height of less than 600 um, and has a 
Width-to-height ratio of at least ten. The device may also be 
used in a system for extracting components from a sample 
?uid, Where the system also includes a secondary processor 
that receives the ?rst extractor ?uid, the second extractor 
?uid and at least some of the components of the sample ?uid 
upon exiting the extraction channel. It Will be understood 
that the secondary processor may be, for example, a mem 
brane device or a sorption device or a reactor capable of 
transforming components of the sample ?uid. 
[0036] According to another embodiment of the present 
invention, a system for performing hemodialysis is provided 
Which includes a membraneless exchange device including 
?rst and second dialysate inlet channels, blood inlet and exit 
channels, ?rst and second dialysate exit channels and a 
micro?uidic dialysis channel connected to the ?rst and 
second dialysate inlet and outlet channels and the blood inlet 
and exit channels. Moreover, laminar ?oWs of a ?rst dialy 
sate ?uid, blood ?uid, and a second dialysate ?uid are 
established in order inside the dialysis channel, and at least 
some of the components of the blood ?uid exit the device 
through the ?rst and second dialysate exit channels. Addi 
tionally, according to the invention, a secondary processor 
receives the dialysate ?uid and the at least some of the 
components of the blood ?uid exiting the device through the 
?rst and second dialysate exit channels. In various embodi 
ments, the secondary processor ?lters the dialysate ?uid and 
the at least some of the components of the blood ?uid exiting 
the device through the ?rst and second dialysate exit chan 
nels, and returns the ?ltered ?uid to the ?rst and second 
dialysate inlet channels. In certain preferred embodiments, 
these components of the blood ?uid are substantially non 
cellular components of the blood ?uid. In other embodi 
ments, sheathing of the blood ?uid by the ?rst and second 
dialysate ?uids substantially limits contact betWeen the 
blood ?uid and the surfaces of the dialysis channel. More 
over, the secondary processor may be a membrane device, or 
may be a sorption device, for example. It Will also be 
understood that the composition of the ?rst dialysis ?uid 
may be substantially the same as the composition of the 
second dialysis ?uid. According to other aspects of the 
invention, meanWhile, a ?rst diverter is formed from a 
portion of the ?rst dialysate exit channel and a portion of the 
blood exit channel, and a second diverter is formed from a 
portion of the blood exit channel and a portion of the second 
dialysate exit channel. A ?rst pump for controlling the ?oW 
of dialysate ?uid in the dialysis channel and a second pump 
for controlling the ?oW of blood ?uid in the dialysis channel 
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may also be used in accordance With the principles of the 
present invention. According to several embodiments, the 
interface betWeen the ?rst dialysate ?uid and the blood ?uid 
is varied by adjusting the volumetric ?oW rates of the ?rst 
dialysate ?uid and the blood ?uid. In other embodiments, the 
interface betWeen the blood ?uid and the second dialysate 
?uid is varied by adjusting the volumetric ?oW rates of the 
blood ?uid and the second dialysate ?uid. Additionally, a 
detector for detecting a presence of an undesired blood 
component Within the dialysate ?uid upon exiting the dialy 
sis chamber may be used. In this case, for example, the 
detector is a photo detector. According to another aspect of 
the invention, a ?rst pump for controlling the ?oW of 
dialysate ?uid in the dialysis channel is adjusted based on 
said detected presence of an undesired blood component 
Within said dialysate ?uid. Moreover, for example, the 
velocities of the laminar ?oWs of the ?rst dialysate ?uid, the 
blood ?uid and the second dialysate ?uid are adjusted based 
on the detected presence of an undesired blood component 
Within the ?rst and second dialysate ?uids according to the 
invention. Additionally, according to the invention, the ?rst 
and second dialysate ?uids may include at least one of the 
folloWing: a hyper osmolar solution, a solution high in 
glucose content, or a polyelectrolye osmotic agent. 

[0037] In yet another embodiment of the present inven 
tion, a method for extracting components from a sample 
?uid is provides Which includes establishing laminar ?oWs 
of a ?rst extractor ?uid, the sample ?uid and a second 
extractor ?uid inside a micro?uidic extraction channel. 
Sheathing of the sample ?uid by the ?rst and second 
extractor ?uids, moreover, substantially limits contact 
betWeen the sample ?uid and the surfaces of the extraction 
channel. The method further includes WithdraWing the ?rst 
extractor ?uid, the sample ?uid and the second extractor 
?uid from the extraction channel such that at least a portion 
of the sample ?uid is removed together With the ?rst 
extractor ?uid and the second extractor ?uid and apart from 
the remainder of the sample ?uid. According to the inven 
tion, moreover, establishing laminar ?oWs includes provid 
ing ?rst, second and third inlet channels and providing ?rst, 
second and third exit channels. Additionally, for example, 
the method includes providing the ?rst and second extractor 
?uids and the at least a portion of the sample ?uid to a 
secondary processor. 
[0038] A method for performing hemodialysis is also 
provided Which includes establishing laminar ?oWs of a ?rst 
dialysate ?uid, blood ?uid and a second dialysate ?uid inside 
a micro?uidic extraction channel, WithdraWing the ?rst 
dialysate ?uid, the blood ?uid and the second dialysate ?uid 
from the extraction channel such that at least some of the 
components of the blood ?uid are removed together With the 
?rst dialysate ?uid and the second dialysate ?uid and apart 
from the remainder of the blood ?uid, and providing the ?rst 
and second dialysate ?uids and the at least some of the 
components of the blood ?uid to a secondary processor. In 
various embodiments, the method also includes using the 
secondary processor to ?lter the ?rst and second dialysate 
?uids and the at least some of the components of the blood 
?uid, as Well as returning the ?ltered ?uid from the second 
ary processor to the extraction channel. In yet other embodi 
ments, the method includes sheathing the blood ?uid by the 
?rst and second dialysate ?uids to substantially limit the 
contact betWeen the blood ?uid and the surfaces of the 
dialysis channel. 


























