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HEMOLYSIS DETECTOR

BACKGROUND OF THE INVENTION

Handling of the blood ocutside the body, referred to
as extracorporeal, is frequently used in medical
procedures in treatments such as blood-oxygenation,
plasmapheresis, leukopheresis, hemopheresis,
extracorporeal chemotherapy, hyperthermia, hypothermia,
bone marrow transfusions, blood transfusions processing
by heart lung machines during surgery and dialysis for
patients with kidney failure. In such procedures there
is always a risk that homolysis, or the breaking of red
blood cells, may occur.

As is known to those practicing the art, the
breaking of blood cells is deleterious not only from the
loss of the function of those cells, but also by the
release into the blood plasma of hemoglobin which is
toxic.

Heretofore, in hemodialysis, hemoperfusion, blood
transfusion and other extracorporeal blood therapies,
whether hemolysis occurred was determined by taking
blood samples and subjecting them to analysis. This is
typically done by taking the sample to -a laboratory to
separate red blood cells from plasma and looking for the
artifacts of hemolysis, such as hemoglobin, in the

plasma.

This approach is not usually satisfactory because
of the damage that can be doné to a patients blood while



+ ,patients with kidney failure. |In such procedures there is always a risk
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Currently there is no system available for on-line
hemolysis detection. It is, therefore, impossible to
have continuous, on-line detection of hemolysis in a red
blood containing components such as pécked blcod cells,
buffy coat or whole blood in a blood line. Hemolyzed
blood is dangerous to the patient due not only loss of

blood celis, but more importantly the toxic effects of
free hemoglobin.

Detection of hemolysis in plasma is further
complicated by the fact that the characteristics of
plasma, in particular color, vary from individual to
individual and varies for a single individual over time
depending of such factors as diet, and other metabolic
differences that manifest themselves in the blood.

While the prior art has concerned itself with
methods and apparatus for separation of blood
components, these have not been employed to detect

hemolysis on a real-time, continuous basis.

For example, U.S. Patent 3,705,100 to Blatt et al.
describes a method and apparatus for fractionating blood
in order to separate the blood components that may be
desirable in blood transfusions. Taught is the use of
centrifugal separation techniques and the use of a
filtration membrane such as anisotropic and depth filter
membranes. This allows the plasma component of blood to
be used in an emergency while the formed elements of the
blood such as red blood cells, white blood cells, and



-2- the test is being perfornmed. It is also possible that henolysis may
occur to a significant degree between the tine in which the tests are

per f or med. Currently there is no systemavailable for on-line

henol ysis detection. It is, therefore, inpossible to have continuous,
on-line detection of henoblysis in a red bl ood containing conponents such as
packed bl ood cells, buffy coat or whohe blood in a blood |ine. Henolyzed

bl ood is dangerous to the patient due not only |loss of blood cells, but

more i npopi apkhkt! Bgd PdESELUS tHe IdSHNHB R hore frequent

bleedings can be taken.

U.S. Patent 4,191,182 to Popovich, et al. describes
a method and apparatus for plasmapheresis. Again, the
system described employs a membrane with the appropriate
pore sized to fractionate blood into cellular and plasma
components. This reference particularly points out that
flow rates are important to attaining the desired result
using the specified sheer stresses and pressures on the
membrane ultra filter.

U.S. Patent 4,350,156 to Malchesky, et al.
describes a continuous, on-line system and apparatus for
removing macromolecules from a physiological fluid such
as blood. Membranes are employed in a blood flow path
to separate blood plasma, cellular components, and
mécromblecules that are associated with progress of a
variety of diseases. Removal of these molecules

inhibits the progress of certain diseases.

U.S. Patent 4,374,731 to Brown, et al. describes a
method and apparatus for performing plasmaphereses while
controlling the plasma collection rate through a plasma-
pheresis membrane filter. By regulating the pressure on
the plasmapheresis membrane filter, the flow of plasma
therebetween can be controlled.

The goal of these prior art patents is to separate
as much plasma as possible from the blood for
therapeutic or collection purposes. Therefore, these
membranes plasmapheresis devices normally have a
membrane surface area in the range of several thousand

square centimeters in a plasma port in the plasma



Detection of hemolysis in plasma is further conplicated by the fact that
the characteristics of plasma, in particular color, vary fromindividual to
i ndi vidual and varies for a single individual over tine depending of such
factors as diet, and other netabolic differences that manifest thenselves

i n the bl ood. VWhile the prior art has concerned itself with

met hods and apparatus for separation ofgblood conponents, these have not
been enpl oyed to detect henolysis on a real-tinme, continuous basis.
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conponent of blood to be used in an energency whil-e the forned el enents of
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an on-line device that can continuously detect hemolysis
that may be developing in a blood path. It is a further
object that such device be capable of performing'without
attention or replacement.

It is another object of the invention to provide a
device that does not require careful manual calibration,
adjustment or interpretation to distinguish between
variabilities in normal blood plasma among people or
between an individual’s blood at different times.

Another object of the present invention is to
provide a device that is simple and sufficiently
inexpensive that the portion of the device in contact
with tﬁe patient’s blood is disposable so that
contamination between patients is eliminated.

SUMMARY OF THE INVENTION

The above objects are realized by a device
comprising a shell having a blood inlet port receiving
blood, a blood outlet port for returning blocod to the
blood path and two compartments, a blood compartment and
a plasma compartment separated by a semi-permeable
membrane. The semi-permeable membrane allows plasma to
pass, but not red blood cells. The blood inlet and
outlet ports located in the blood compartment allows a
passage of at least a representative of portion of the
blood flowing through the main blood path to go through



-3-* platelet are returned to the donor so that nore frequent bl eedings can
be taken. U S. Patent 4,191,182 to Popovich, et al. describes a

nmet hod and apparatus for plasmapheresis. Again, the system described

enpl oys a nenbrane with the appropriate pore sized to fractionate bl ood
into cellular and plasma conponents. This reference particularly points out
that flow rates are inportant to attaining the desired result using the
specified sheer stresses and pressures Sn-the nenbrane ultra filter.

U. S. Patent 4,350,156 to Ml chesky, et al. describes a continuous, on-line
syst em and tppdrlned dompactmwenthgp frethembelll esAfirebast bbysiolsag cal fl uid
such is contigquous with plasma compartment in order to
pericdically apply a transmembrane pressure. The plasma
compartment has an optical window formed along a portion
of the shell through which the plasma optical
characteristics can be evaluated by the transmission or
reflection. The semi-permeable membrane allows plasma
to permeate, but not red blood cells. 1In application,
blood flows through the blood compartment and
transmembrane pressure is generated between the blood
and the plasma compartments by periodically squeezing
and releasing the elastic air sac. Because of the
alternating change in high and low pressure sides
between the blood and plasma compartments the plasma
inside the plasma compartment is always replaced by
fresh plasma that is flowing as part of the blood
through the blood compartment. After an initial optical
measurement is made, for instance using a light source
and photo detector with the appropriate filters, any
color change in the plasma can be detected and presented
either as a numerical value or by tripping an alarm at a

predetermined set point.

DESCRIPTION OF THE DRAWINGS

Figure 1 shows a longitudinal cross section of the
blood~-containing device of the present application.

Figure 2 shows a top plan view the present
invention including the blood-containing device of Fig.
1, the optical detection system and the means for
applying periodic pressure to the elastic air sac.

Figure 3 sths the device in cross section
perpendicular to that of figqure 1, tﬁrough line 3-3 of
figure 2 which includes the plasma compartment optical
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to figure 1 shown is an outer shell
10 of the blood-containing device which is preferably
made from one or more clear polymers. Acceptable
polymers are those such as acrylic, polystyrene or
polyvinylchloride. The main criteria for such a housing
is that it be fairly rigid, inert when exposed to blood

_ and be substantially transmissive of light at least one

frequency.

This shell 10 is divided into a blood compartment
12 having an inlet port 14 and outlet port 16. The
inlet port 14 receives a flow of blood from an
extracorporeal blood path or blood path so that the
blood flows into the blood compartment 12 then exits the
compartment through outlet port 16 to rejoin the blood
flowing through the blood path or blood path.

' Dividing the blood compartment 12 from a plasma
compartment 18 is membrane 20. The membrane is of the
microporous type having a pore size distribution and
arranged such that it allows only plasma to permeate the
membrane and remain impenetrable to any cellular
elements. The pore distribution should typically be
within 0.1 to 2.0 microns. An example of a membrane
having acceptable perimeters and characteristics is
Thermopore 800, manufactured by Gelman Sciences of Ann
Arbor, MI.
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conpartment through which the plasma can be collected for

further treatnent before it is returned back to the patient.

an object of the present

r enoval
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conti nuously detect henolysis that may be devel oping in a bl ood path.
a further object that such device be capable of perform ng w thout

attention or replacenent. It is another object of the invention to

provide a device that does not require_careful manual calibration
adjustnment or interpretation to distinduish between variabilities in nornmal
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times.

penetrate membrane 20, only the plasma component of the

blood including that of lysed cells will be found in

plasma compartment 18. Included in the plasma component
of the blood are the remnants of red blood cells that

have been lysed or undergone hemolysis. Included in

these remnants of red blood cells is hemoglobin which

gives blood its characteristic red color from oxygenated

iron.

Contiguous with plasma compartment 18 is air sac 22

which is connected to the plasma compartment 18 by air

sac neck 24. The elastic air sac 22 is preferably made

of elastic material such as silicone rubber,
polyurethane, PVC or other elastomers.

The purpose of the elastic air sac is to allow a

differential pressure to be applied to contents of

plasma compartment 18 exerting differential pressure

across membrane 20. The reason for applying this
pressure difference will be explained below.

Also contiguous with plasma compartment 18 is light

path chamber 26.

Referring now to Figure 2, the device of Figure 1

is shown in a top plan view along with associated

apparatus. Continuing the description of the light path

chamber 26, it is shown with the associated light source

28 and optic sensor 30. As can be readily determined

from the figure, light for instance in the green region

with a wavelength of 500 to 700 nm, from light source 28

passes through a quantity of plasma contained in light

or
S

i nvention to provide an on-line device that can
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*Anot her obj ect of the present invention is to provide a device that is
sinple and sufficiently inexpensive that the portion of the device in
contact with the patient's blood is disposable so that contam nation

bet ween patients is elimnated. SUMVARY OF THE | NVENTI ON The

above objects are realized by a device conprising a shel

havi ng a bl ood

I nl et port receiving blood, a blood outlet port for returning blood to the
bl ood path and two conpartnents, a bl-ogd-conpartnment and a pl asma
conpartnment -separated by a sem -perneabl e menbrane. The semn - perneabl e
menbr ane aphtischhaber 26 pheye mpomat cextaddrehaeit ©f THehd dad i nl et

and outl et aBgro&,gehog%tf%gFi %eﬁt{é%ttllo O%W{)%%S&J I3cbvxs a passage of at

| east a representative o ortiron o

bl ood path to go through

OW Nng 't hrough the main

Also shown is elastic air sac 22 as described in
the previous figure along with means for compressing and

relaxing the elastic sac. Plunger 32 applies force on

the elastic air sac 22 against a fixed member 34. This

is done by applying power to plunger 32 to compress air

sac 22 then terminating the power to the plunger to

relax the force on the elastic air sac.

Referring now to Figure 3, the device of Figure 1

with outer shell 10 in Figure 2 is shown in a cross-

section through line 3-3.

In addition to blood compartment 12, plasma
compartment 18 and light path chamber 26, also shown are
membrane support ribs 36. These support ribs hold

membrane 20 in place between the blood compartment and

plasma compartment and support the membrane, preventing

it from shifting as the transmembrane pressure

fluctuates such that the membrane does not excessively

bow and tear.

In application, the device 10 is connected to any

portion of a blood path or blood path. The elastic air

sac 22 is compressed by the plunger 32 or by other means

to expel air in the plasma compartment into the blood

compartment. After the blood path is primed with

priming solution, such as normal saline or Ringer

solution, the pressure on the elastic air sac is relaxed

creating negative pressure inside the plasma compartment

and drawing the priming liquid across the membrane into

the plasma conmpartment.



~-5-* the blood conpartnent of the shell. An elastic air sac is contiguous
with plasma conpartnent in order to periodically apply a transnenbrane
pressure. The plasna conpartnent has an optical w ndow forned along a
portion of the shell through which the plasma optical characteristics can
be eval uated by the transm ssion or reflection. The sem - perneabl e nenbrane
allows plasma to perneate, but not red blood cells. In application, blood
flows through the bl ood conpartnent and transnenbrane pressure is generated
bet ween the bl ood and the plasnma cofpdrtnents by periodically squeezing and

rel easing the elastic air sac. Because of the alternating change in high
and | ow pressuPgé BRdentetieabment KOIBENSSF FNdsRdoCdnpePiREs®s the pl asma

i nsi de thenpl peiRiagMealuEEsh, $hel wdnstiepladeedaky ikr eshippessed that is
{L?r12? g%??@i%“ﬁ%ﬁéBﬁegbﬁfgﬁqugggglﬁhfr%h%%%ﬁ gnﬁgbhgegtiiSLte;oﬁpce and
phot o det eotpresstbnyrelappngpriciiien ifloreexample, every 2

minutes, periodically replaces the liquid inside the

plasma compartment with new plasma from the blood

conpartment.

Light transmittance in the green region at 500-700
nm, (or alternately reflectance) through the light path
chamber 26 is measured by the optic sensor such as
photocell 30.

An initial reading is taken to determine the non-
hemolyzed transmission of the patient’s blood plasnma.
During patient treatment if any hemolysis develops,
hemoglobin in the plasma appears in the plasma
compartment and changes the light transmission or
reflectance through the light path chamber 286.

Hemolysis can be detected in the line immediately
and the appropriate action taken to protect the patient.

As alternate embodiments, the elastic air sac could
be replaced by a disposable syringe and plunger
activator. Other possible embodiments employ the use of
flexible polycarbonate, acrylic, PVC, or TPX as the
material for making the shell 10. In such a design
transmembrane pressure is generated by squeezing the
shell 10, itself rather than utilizing a separate

elastic alr sac.

An apparatus incorporating the present invention

was constructed and tested as follows:



col or change in the plasnma can be detected and presented either as a

nunerical value or by tripping an alarmat a predeterm ned set point.
DESCRI PTI ON OF THE DRAW NGS Figure 1 shows a | ongitudinal cross

section of the bl ood-containing device of the present application.
Figure 2 shows a top plan view the present invention including the

bl ood-contai ning device of Fig. 1, the optical detection systemand the
means for applying periodic pressuré’t%PtTua el astic air sac. Figure 3
shows the device in cross se &hon per end|c¥Far to that of ure 1,
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housing and Thermopore 800 by Gelman Sciences was used
as the membrane separating the blood compartment from
the plasma compartment.

For thié paiticular test device, a small PVC tubing
with a slide clamp was attached to the plasma
compartment side of the outer shell and contiguous with
that compartment. This was done in order to be able to

expel the air inside the plasma compartment during
initial priming.

After the device was primed with normal saline,
bovine blood was pumped through the blood compartment.
While pumping the blood through the device, distilled
water was injected into the incoming blood line to burst
blood cells. After about three minutes, red color
plasma appeared in the plasma compartment, indicative of
hemolysis. When the test was repeated and the device
was squeezed between two fingers to generate
transmembrane pressure between the blood and plasma
compartments, a reddish color appeared in the plasma
compartment almost immediately.

A similarly successful device was made
incorporating a hydrophobic membrane in place of the PVC
tubing for venting air from the plasma compartment.

This alternate embodiment also contained a perforated
membrane support used to support and protect the

membrane and incorporated on the blood compartment side
of the membrane.



-6 “porti on. Figure 4 is a cross sectional view of a alternate

.enbodi nent of the present invention. DETAI LED DESCRI PTI ON OF THE
PREFERRED ENMBODI MENT Referring now to figure 1 shown is an outer
shel |- 10 of the bl ood-containing device which is preferably mnade from one

or nore clear polynmers. Acceptable polynmers are those such as acrylic,
pol ystyrene or polyvinylchloride. The main criteria for such a housing is
that it be fairly rigid, inert when exposed to blood and be substantially
transm ssive of light at | east one frequency. This shell 10 is
divided into a bl ood conpartnent 12 Rdvitng an inlet port 14 and outlet port

16. The inlet port 14 receives a flow of blood from an extracorporeal bl ood
path or bl ood path so that the

An alternate embodiment of the present invention is
constructed using hollow fiber, microporous membranes
instead of a flat sheet membrane.

o

Referring to Figure 4, a hemolysis detector
constructed according to this embodiment is shown in
cross section. As with the other embodiments, there is
an outer shell 38, having a blood inlet port 40 and a
blood outlet port 42, a blood compartment 44 and a
plasma compartment 46. In contrast to the flat membrane
of the previous embodiment, however, here are used a
plurality of hollow fiber, microporous membranes 48
identical to those used in blood cell/plasma separation
and known to those practicing in the art. The hollow
fibers number approximately 20 to 30 and serve to
separate the blood compartment, bounded by the outer
surface of the hollow fibers, from the plasma
compartment, bounded by the inner surface of the hollow
fibers. 1In addition to the boundary formed by the
hollow fibers, there is an additional barrier between
the compartments and its support means for the fibers,
such as potting compound, 49.

The remainder of the device is identical in
function and similar in construction to the first
embodiment, having an elastic air sac 50 and plunger 52

to apply force on the air sac 50 against fixed member
54.

In this embodiment, the air sac neck and light path
chamber, are combined in a single element 56. The
transmembrane pressure supplied by the squeezing of the

elastic air sac, transverses the path 56 longitudinally



bl ood flows into the blood conpartnent 12 then exits the conpartnent

t hrough outlet port 16 to rejoin the blood fl ow ng through the bl ood path
or bl ood pat h. Di viding the blood conmpartnent 12 froma pl asma
conpartment 18 is nmenbrane 20. The nenbrane is of the m croporous type
having a pore size distribution and arranged such that it allows only

pl asma to perneate the nenbrane and remain i npenetrable to any cellular

el enents. The pore distribution should typlzatly be within 0.1 to 2.0

m crons. An exanple of a nenbrane having acceptable perineters and

char act eri st i cwhisl elHererobight Y eratrd Aoy ulgihbyswqanSSCtmmsm Ann

Arbor, M. the pathway 56 before being received by the optical

sensor 60.

Although the construction of this embodiment is
similar ané the operation is identical, the embodiment
using hollow fiber microporous membranes has the
advantage of a larger membrane area in a similarly-sized
device. This results in a device which is more
efficient in the exchange of plasma across the membrane
than an equal-sized device using a flat sheet.
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-7- Because cel | ul ar conmponents of the blood cannot penetrate
menbrane 20, only the plasma conponent of the blood including that of |ysed
cells will be found in plasnma conpartnent 18. Included inthe plasma
conponent of the blood are the remants of red bl ogisGabdtHak Baén Replszebeen

| ysed or undergone henolysis. Included in these rema od cells
I s henogl obin which gives blood its igharacteristic reﬁmm!&mrgﬁm
oxygenat ed iron. Conti guous with plasnma conpar r sac 22
which is connected to the plasma conpartnment 18 by air sac neck 24. The
elastic air sac 22 is preferably made of elastic material such as silicone
r ubber, ponuEghpﬂge, PVC or other el astoners. The purpose of the
elastic air s&a&—+s—to allow a differential pressure to be applied to

contents, of p a&@@i&@”ﬁé}-t PRAt dé%e‘é)ﬁ%hﬂ 0% %ieﬁnfo‘iﬁr%'lg %:ef Pe@SSuUr€ across
menbr ane” 20. The reason tor applying this pressure difference will be
expl ai ne@ebtfohn blood in an extracorporeal blood path
comprising:
a shell, said shell divided into a blood
compartment and a plasma compartment,
a blood inlet port for receiving a flow of
blood into the blood compartment of said shell from said
extracorporeal blecod path,
a semipermeable membrane permeable to blood
plasma but impermeable to blood cells acting as the
boundary between the blood compartment and the plasma
compartment, '
detection means for determining optical
changes in the blood plasma portion of the blood in the
plasma compartment of said shell, and
a blood outlet port for returning said flow of
blood from the blood compartment of said shell to said
extracorporeal blood path.

2. The device of claim 1 further comprising means for

applying a varying transmembrane pressure between the
blood and plasma compartments.

3. The device of claim 2 wherein said means for
applying a pressure comprises and elastic air sac

contiguous with said plasma compartment.

4. The device of any one of claims 1-3 wherein'said detection

mecang comprises a light source and photodetector.

O 0 )



Al so* contiguous with plasma conpartment 18 is |ight path chanber 26.
Referring now to Figure 2, the device of Fi dgihissShietHasHeenmReplaced t op pl an

view al ong with associ ated apparatus. Conti nui ion of the
[ source 28 and
romthe

i ght path chanber 26, it is shown with the as
optic sensor 30. As can be readily determ ned igure, light for
instance in the green region with a wael®ngth of 500 to 700 nm fromlight

source 28 gasses t hrough a quantity of plasma contajned in |ight
. The device of claim 4 further comprising means for

storing electrical values associated with the output of
said photodetector and means for comparing said values
so stored.

6. A method of detecting hemolysis in an
extracorporeal blood path comprising:

taking a portion of blood flow from said
extracorporeal blood path,

passing said portion of blood through a blood
compartment, at least one wall of which is a semi-
permeable membrane capable of passing blood plasma but
not blood cells,

separating at least some of the blood plasma
from the remainder of said blood through said semi-
permeable membrane,

collecting said separated plasma in a plasﬁa
compartment,

measuring optical changes in the blood plasma
collected in the plasma compartment, and

returning the portion of blood taken and
passed through said blood compartment to said
extracorporeal blood path.

7. The method of claim 6 further comprising applying a
varying transmembrane pressure across said semi-

permeable membrane.
8. The method of claim 7 wherein said pressure is

applied by compressing as air sac contiquous with said

plasma compartment.

9. The method of any one of claims 6-8 wherein said measuring

of optical changes comprises:

[



pat h" chanmber 26 where upon a certain amount of light is absorbed before
detection by optic sensor 30. Al so shown is elastic.alr_sac.22.as._ ..._
described in the previous figure along with nmeans for conpressi ng and
relaxing the elastic sac. Plunger 32 applies force on the 8P t Has, Bge laced
22 against a fixed nenber 34. This is done by applying pomed

to conpress air sac 22 then termnating the power to the p

the force on the elastic air sac. — 15 -Referring nowto Figure 3, the
device of Figure 1 with quter shell 10 ip Figure 2 is shown in a cross-
section through |ingmdtsing a beam ef#i9 t o bl ood conpartnent 12,

pl asma conpartnment &8rakdinghia pathesmaiiy s36.d d«pnisdov@ are menbrane
support rihs 36. These support ribs hold nenbrane 20 in place between the

bl ood conPaPtf@nt and pl asma conpartnment and support the nenbrane,

preventing it from geitktitriongasa tiver t 1 @ sofe ndar iah doeame ssair @i féckcédiat es such

that the WBmHE09,095S 1Q(SRESH JelguOW and tear.

storing said electrical output, and

comparing said stored output to an earlier
stored output.

T



JIn-application, the device 10 is connected to any portion of a blood path
or blood path. The elastic air sac 22 is conpressed by the plungér 32 or by
ot her means to expel air in the plasnma conpartnent into the bl ood
conpartment. After the blood path is prinmed with primng solution, such as
normal saline or Ringer solution, the pressure on the elastic air sac is
rel axed creating negative pressure inside the plasnma conpartnent and
drawing the primng liquid across the anbrane into the plasna conpartnent.
-0-

HEMOLYSIS DETECTOR
ABSTRACT

An apparatus and method are disclosed for continuous,
on~line monitoring of extracorporeal blood in a blood
path. A shell has a blood inlet port, a blood outlet
port and two compartments: a blood compartment and a
plasma compartment separated by a semi-permeable
membrane that allows plasma to pass, but not red blood
cells. Blood flows through the blood compartment and
transmembrane pressure is applied between the blood and
the plasma compartments causing the plasma inside the
plasma compartment to be replaced by fresh plasma that
is flowing through the blood compartment. Any color
change of the plasma in the plasma compartment can be
detected.

(FIGURE 1)
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‘As"patient treatnent comrences and bl ood replaces the primng solution, the
el astic air sac is conpressed by plunger 32 and peri odi G@lslsfeét®la8 BeE&TRepldtes
conpression/rel axing action for exanple, every 2 m nutes,

replaces the liquid inside the plasmg,conpartnent with newﬂwmnﬂluml
bl ood conpart nment. Light transmittance in the green i

500-700 nm (or alternately reflectance) through the |ight path chanber 26

is measured by the optic sensor such as gggﬁaéggl,zgz’ An initia
r eadi ng ijéﬁgken to detgrmine the non- h I/§'/C t sm ssion of the

he

patient's | asma/ During patient treatnent if any henol ysis devel ops,
henogl obi‘n i e pl agma appe ' anges the
light transm ssion or reflegfance throu th h chanber R6.

Henol ysi s can beZgttacted ifi the line i d he appropriate
action taken to protect the]patient.
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As ‘al ternate enbodi nents, the elastic air sac could be.replaced by a_ .
di sposabl e syringe and plunger activator. O her pOSSIb|e enbodi nents enpl oy

t he use of flexible polycarbonate, acrylic, PVC, or TPXhig 'aﬁﬁr
maki ng the shell 10. |In such a de&si2gn transnmenbrane pres ted
tIC

by squeezing the shell 10, itself rather than utilizing a
air sac. An apparatus incorporating the present invention was

constructed and tested as foll ows:
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The oute‘ shell was nade of transparent acrylic housing and Therﬂmpﬂﬁ@%ﬁﬁ)
by Gel mah Sciences was used as the nenbrane separating the bl ood
conpartnent fromthe plasma conpartnent. - - For this particular test
device, a small PVC tubing with a slide clanp was attached to the plasm
conpartment side of the outer shell ag&bcontiguous w th that conpartnent.
This was done in order to be able to exbel the air i-nsi-dethe plasma

conpartnment during initial primng. After the d imed with
normal sal i ne, bovine bl ood was punped through t L“ H}‘E t‘ma VWi | e
punpi ng the bl ood t hrough the device, distilled ted |nto t he

i ncomi ng bl ood §ikEM$ o0 burst blood cells. After about three mnutes, red
col or plasma appeared in the glasna conmpartnent, indicative of henDIyS|s

Wien the tlest vasdeeheat far abbet detastiion afs hemedasds st weeh two fi nger s

to gener aleIIQNENENDsGAEi A 86 SEkerhebyperehhe HiloeRd parg, pl asm
conpartnents, a, rqulsh col or appeared 1 n the plasma conpartnent al nost

i nedi at e|SPUPFiSin
a shell, said shell divided into a blood

compartment and a plasma compartment,
a blood inlet port for receiving a flow of
blood into the blood compartment of said shell from said
{ extracorporeal blood path,

a semipermeable membrane permeable to blood
plasma but impermeable to blood cells acting as the
boundary between the blood compartment and the plasma
conpartment,

detection means for determining optical
changes in the blood plasma portion of the blood in the
plasma compartment of said shell, and .

a blood outlet port for returning said flow of
blood from the blood compartment of said shell to said
extracorporeal blocd path.

2. The device of claim 1 further comprising means for
applying a varying transmembrane pressure between the
~ blood and plasma compartments.

This Sheet Has Been Replaced

3. The device of claim 2 whereln said means for l"l
applying a pressure comprises and elastic air sac
contiguous with said plasma compartment.

4. The device of any one of claims 1-3 wherein¥said.detection
means comprises a light source and photodetector.
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A simlarly successful device was nade incorporating a hydiéphobi c
menbrane in place of the PVC tubing for venting air f
conpartment. This alternate enbodi ment al so cont al ned Emmi“)m gﬂﬂ” I‘
menbrane support used to support and protect the and |mccrporated
on the bl ood conpartnment side of the mgnbrane.
al ternate enbodi nent of the present invention is
5. The device of claim 4 further comprising means for

storing electrical values associated with the output of
said photodetector and means for comparing said values

so stored.

6. A method of detecting hemolysis in an
extracorporeal blood path comprising:
taking a portion of blood flow from said
extracorporeal blood path,
passing said portion of blood through a blood
compartment, at least one wall of which is a senmi-
permeable membrane capable of passing blood plasma but
- not blood cells,
separating at least some of the blood plasma
from the remainder of said blood through said semi~
permeable membrane, |
collecting said separated plasma in a plasﬁa
compartment,
measuring optical changes in the blood plasma
collected in the plasma compartment, and
returning the portion of blood taken and
passed through said blood compartment to said
extracorporeal blood path.

7. The method of claim 6 further comprising applylng a
varying transmembrane pressure across said semi-
permeable membrane.

8. The method of claim 7 wherein said pressure is
applied by compressing as air sac contigquous with said
plasma compartnment.

9. The method of any .one of claims 6-8 wheréin said measuring

of optical-changes comprises:
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c¢onstructed using hollow fiber, microporous nmenbranes instead of a flat
sheet’' nenbr ane. Referring to Figure 4, a henolysis detector
constructed according to this enbodiment is shown in cross section. As with
t he ot her enmbodi nents, there is an outer shell 38, having a blood inlet
port 40 and a bl ood outlet port 42, a blood conpartnent 44 and a plasm
conpartnent 46. In contrast to the fd gts nenbrane of the previous

enbodi ment, however, here are used a plurality of hollow fiber, mcroporous
menbranes 48 identi camittipse veasd of hlighd,cell/plasma separation and

appr oxi mat ol y 20 1o St ihd JE=f' pedd”anfo, Ritq) BERREAREN vent . bounded

by the out @lasmdace of the hollow fibers, fromthe plasnma conpartnent,
bounded by the inner Athdfat oWef | S digtsi t he
boundary fornmed by tr?e%{{lé;l I ovvé)f? bé?g,e%he% Fgﬁgnbgé i ?’i@olr?;t@b%geﬁ er
bet ween t h&< shiRimen elarkrical pybputmeans for the fibers, such as
potting conmpound, 49storing saie® égga{-_ggjgglo{,ug?@tgeghae is identical in
function and simlar in constructign };o the fjrs

comparing sald stored output to an earlier

stored output.
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enbodi nent, having an elastic air sac 50 and plunger 52 to apply force on
the air sac 50 against fixed nenber 54. In this enbodi nent, the
air sac neck and light path chanber, are conmbined in a single el ement 56.
The transnenbrane pressure supplied by2the squeezing of the - elastic air
sac, transverses the path 56 |ongitudinally

- 12 - while the light generated by |light s ce 58 tyaverses the pat hway
56 before bei recei ved by the opti cal SQDK%EZ?E} -
e/ -2
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Al t hough the construction of this enbodinent is simlar and the operation
Is identical, the enbodi nent using hollow fiber m croporous nenbranes has

t he advantage of a | arger nenbrane ?rga in a simlarly-sized device. This
results in a device which is nore e {l'cient in the exchange of plasma

across the nenbrane than an equal -si zed device using a flat sheet.
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eal bl ood path conpri sing: a shell, said shell divided

i nto ood conpartnent .and a plasna conpartnent: a blood jnlet port
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rqu‘emFﬂ@Eﬁ&BSDRAﬁT bl ood into the bl ood corrpartrrent of said shell from]|

UAL ¥ abupur Calr bl Uuu patﬁl, [=} DUI‘II | SAS]] III::aIUI C IIl:'IIUI allc Pl ITb'a.LJI C LT
pbod pl asma but inperneable to blood cells acting as the boundary between
bl ood conpartnment and the plasma conpart nent, detection neans for
erm ni ng optical changes in the blood plasma portion of the blood in the
asma conpart nent of sai HEWKLYSIS DETE€ TR od outl et port for returning

d flow of blood fromthe bl ood conpartnent of said shell to said

racorporeal bl ood pao';gg and Q &,I a %\zaér{a for applying a varying

P AR aPptart Sﬁ&g%?h %rﬁ%ﬁ 1ds08 1! ORAANL, B é%no%?tgﬁﬁé to?‘%QEggco
et e Ly D B T R o
ect | SHDFERRE!SE 3nblepd compartng A phemarrompaamest 618) separated byea

Ui ce semi-pemneable mmbm.ne @@ at @ilngs plasma foopass,t it ineg red bloodieells. Bloodes

Soci dlooek throught the bdeddocdmpdrisenit 1 PhartdotiesarEmibrarenptesserenis dpplied dbepegenng

d vahel édogbo (1) einddthe plasma compartments (18) causing the plasma inside the plasma - -
compartment (18) to be replaced by fresh plasma that is flowing through the blood
compartment (12). Any color change of the plasma in the plasma compartment can be
detected. :

Fig. 1.

28 MAY 1998

FSG005 960628 SG-Abstract
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14 3. A nmet hod of detecting henolysis in an extracor poreal i “00d pat h
conpri i hg: taking a portion of blood flow from said extracorporeal
bl ood pat h, passing said portion of blood through a bl ood
conpartnent, at |east one wall of which is a seni-perneable menbrane

capabl e of passing bl ood plasma but not blood ¢elT
| east sone of the blood plasma fromthe renalndeJ
sai d sem - pernmeabl e nmenbr ane, col hgcting: sz
pl asma conpart nent, measuring optical change
collected in the plasnma conpartnent, returh
t aken and passed through said bl ood conmpartnent t
bl ood path, and
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Claims

1. A device for the detection of hemolysis of red cells in blood in an
extracorporeal blood path comprising:

a shell, said shell divided into a blood compartment and a plasma
compartment,

a blood inlet port for receiving a flow of blood into the blood
compartment of said shell from said extracoporeal blood path,

a semipermeable membrane permeable to blood plasma but impermeable
to blood cells acting as the boundary between the blood compartment and the
plasma compartment,

detection means for determining optical changes in the blood plasma
portion of the blood in the plasma compartment of said shell,

a blood outlet port for returning said flow of blood from the blood
compartment of said shell to said extracorporeal blood path, and

a means for applying a varying transmembrane pressure between the
blood and plasma compartments;

wherein said means for applying a varying transmembrane pressure
comprises an elastic air sac contiguous with said plasma compartment; and

said detection means comprises a light source and photodetector.

2. The device of Claim 1 further comprising means for stioring electrical
values associated with the output of said photodetector and means for

comparing said values so stored.
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appl"yi ng a varying transnenbrane pressure across sai d sem -perneabl e

menbr ane; wherein said pressure is applied by conpressing as air sac
contiguous with said plasna conpart nment. 4. The nethod of Claim3
wherein said neasuring of optical changes conpri ses: emtting a beam
of light, directing said beaminto said separated pl asns,

detecting a portion of said beamso directed to obtain an electrical

out put , storing said electrical qgtput, and ~conparing said

stored output to an earlier stored output.
AMENDED SHEET

3. A method of detecting hemolysis in an extracorporeal blood path
comprising: |
taking a portion of blood flow from said extracorporeal blood path,
passing said portion of blood through a blood compartment, at least one

wall of which is a semi-permeable membrane capable of passing blood plasma

but not blood cells,
separating at least some of the blood plasma from the remainder of said
blood through said semi-permeable membrane,

collecting said separated plasma in a plasma compartment,

= measuring optical changes in the blood plasma collected in the plasma
compartment,
returning the portion of blood taken and passed through said blood
compartment to said extracorporeal blood path, and
applying a varying transmembrane pressure across said semi-permeable
membrane;
wherein said pressure is applied by compressing as air sac contiguous
with said plasma compartment.
4. The method of Claim 3 wherein said measuring of optical changes
~— comprises:

emitting a beam of light,

directing said beam into said separated plasma,

detecting a portion of said beam so directed to obtain -an electrical
output,

storing said electrical output, and

comparing said stored output to an earlier stored output.
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