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Disposable Plastic Centrifuge Bowls in the Separation of Red 3.
Cells and Plasma and in the Processing of Frozen Blood of FINAL REPORT
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ABSTRACT

A simplified method for automated red cell processing is described.

The method uses sterile, disposable plastic centrifuge bowls with

attached tubing and reagent solutions. It can be used for the

separation of red cells and plasma and the glycerolization and
deglycerolization of red cells for storage in the frozen state.

Data is presented on operational performance of the equipment and

on red cell yields and post-thaw transfusion survival. (Manuscript attached)
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DISPUSABLE PLASTIC CENTRIFUGE BQWLS IN THE. SEPARATION OF RED

CELLS AND PLASMA AND IN THE PROCESSING OF FROZEN BLOOD

ABSTRACT
A simplified method for automated red cell processing
'is described. The method uses sterile, disposable plastic
centrifuge bowls with attached tubiﬁg and reagent solutions.
It can be used for the separatidn of red cells and plasma
and the glycerolization and deglycerolization of red cells
for storage in the frozen state. Data is presented on
operational performance of the equipment and on red cell

yields and post-thaw transfusion survival.
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This laboratory has been concerned for two decades with
the design of centrifuge equipment for the sterile separation
and washing of blood cells and for the automation of red cell
glycerolization and deglycerolization techniques. Three gencrations
of centrifuge bowls have been developed, each embodying the
principle of cell separation at low G force while blood flows
through fhe centrifugal ficld.A The first device, the Cohn
Fractionator (1), was developed primarily as a research tool.
- It could be.adapted to the preparation of concentrates of platelets,
red cells, and buffy coat, and to the instillation and removal
of glycerol in connectidn“;ith red cell freezing. Alfhough the
Cohn equipment proved highly useful in the development of such blood
processing techniques (2) (3) t4) (5), it was not intended as a
routine tool for standard blood bank use. Accordingly, a second series
of simplified bowls, ‘with the same geometric design were developed
in our laboratories in collaboration with the Arthur D. Little
Company. Data obtained with this equipment proved eésentially'
similar to the Cohn system (6) (7). The third step was the
development of disposable, plastic centrifuge bowls which could
be inserted into a similar drive mechanism for the routine
application of cell processing methods to blood banks and hospital
services. It is the purpose of this report to describe experience
with such new disposable bowls for plasma-red cell sepération and
for glycerolization, freezing, and deglyéerolization of red
cells. A separate report will describe the disposable, plastic,

platelet processing bowls.
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The study was conducted in four phases: 1) Preliminary
testing of 50 bowls for operatiqnal performance, sterility,
and red cell recovery; 2) Comiplete in-vitro studies of 15 units
of blood collected in ACD solution and then glycerolized, frozen,

thawed, and deglycerolized; 3) Combined in-vitro and in-vivo

study of 10 additional units of blood glycerolized, frozen, thawed,
deglycerolized and labled with 51 Cr and 125 I and transfused
autologously; 4) Clinical data on 42 additional units of thawed
deglycerolized cells reconstituted to 550 ml volume and transfused

into routine hospitalized patients at the New England Deaconess Hospital.

METHODS

Blood was collected in Abbott ACD bags and glycerolized at
room temperature, unless processing was delayed for intervals from
30 minutes to 2 hours, in which case, it was stored at 4 C. until the
time.of glycerolization.

The percent cell recovery in the freezing studies was com-
puted as follows: The volume of blood used was calculated by
1) weighing the original bag of ACD blood, 2) subtracting the
weight of the empty bag and 3) dividing the net weight by 1.050.
The volume was then multiplied by the gram % hemoglobin obtained
from the original bag for the total hemoglobin value. Blood loss
(red cells remaining in the bags, lines, bowls, effluent wash, plasma,
glycerol and deglycerolized solutions) wa$ then computed by lysis and
subsequent measurement of total hemoglobin present. The percent loss

was obtained by dividing the gram % Toss by the 100% value; and
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the percent recovery by subtractiﬁg the % loss from 100.

Red cell, white cell and plaﬁelet counts were done by
standard techniques. Hematocrit values were measured in capillary
tubes in a micro hematocrit centrifuge. Red cell indices were ca;culated
from red cell count,' hemoglobin and hematocrit. Whole blood hemo-
globin was measured by the cyanﬁethemoglobin method (8) and the
plasma hemoglobin by the benzidine method (9).

' Sedimentation at 60. minutes was carried out by an accel-
erated dextran method (10). Red i:el_l densities were measured
in pthaldte esters‘ (11). Osmotic fragilities were performed in the
Danon fragiligraph (12). A

Glycerol assays were performed by the ultraviolet method of
the Boehringer Mannheim Corporation (15)- | _

The pH of whole blood and plasma was measured at 37 C. with a
capillary system and‘radiometer..

Glucose, ATP and 2,3 DPG were measured i)y the enzymatic
mechods of Keitt using enzymes from Boehringer-Mannheim (16).
Sodium and potassium concentrations wére measured with a Baird hme
photometer. Protien concentration was assayed by the biuret method.

Cultures were inoculated on thioglycolate, Saboraud's _msdium
and blood_ agar plates, incubated at 37 C., 20 C. and 4 C. by
standard methods.

Post-transfusion survival was measured by the method of Gibson
et al (13), employing 125 I for plasma volume and 51 Cr for red
cell labelling. 'The total blood voluwe vas calculated from the

plesma volume and hematocrit valve, the rod cell volume being the
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difference between total and plasma volume. The 100% retention value
was obtainedv by dividing the total 51 Cr given by the red cell volume
and this was used as a reference for calculation of the percent sur-
vival of red cells from samples taken at 10, 20, and 30 minutes after
starting the transfusion and of all subsequent samples. These values
were plo/fted on semi-log paper and a fitted line extrapolated to
time zero, the intercept being taken as thc percent immediate
posttransfusion survival. Intensive evaluation of this technique
has shown a standard error of * + 5%. |
The forms used for patient informed consent, blood processing,

baéteriologic culture and in-vitro records were of staﬁ&ard typ_e.
Calculation of posttransfusion survival was as previously reported (13).

~ The glycerol freezing method and solutions were those des- |
cribed by Tullis and associates (3) (4) (6) (14). This system
embodies the following pri’nciplés: 1) "centrifugal separation of
plasma and red cells followed without interruption by sequential
glycerolization to a high intra cellular concentration (40% + 5%);
2) slow freezing (apprdximately 6 hours to each ambient temperature);
-3) svto'rage at -80 C, (+ 15 C.) in mechanical refrigeraters; 4) thawing
by 15 minutes of immersion in a 37 C. water bath; 5) degylcerolization
by attachment to ‘the same type of sterile, disposable centrifuge bowl
and introduction of a decreasing gradient of glycerol in the presence
of léctatg solutions, washing with buffered electrolyte solution and
reintroduction of the red cells into the thawed autologous plasma
(reconstituted whole blood) or into albumin (ved cells in albumin) cr

into an empty bag (packed xed cells in saline).
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A1l solutibnsi for‘glycerolizati‘on and deglycve'roliut‘izt.m nd

all plastic harnesses for attachment of the bags of blood or red

cells to the sterlle .bowls were prepared by ‘@ither Cutter Labor&tories
‘ or Abbott Laboratones. - The formulas are llstpa in table 1. For
all studles the'plast:l.c centnfuge bowls were ﬁpefgted into an
automated, Model 10 processor* espec1a11y constmcted for use thh
this eqmpment. A Rustrack recorder and thermocouple Model 1333
were- used for all temperature recordmgs.

-Assembly of Harnesses _and Bowls:

1) The carton, contalnmg the pre-selected harness, was fully opened
mspected and .all s1de clamps closed. A disposable bowl package was
then removed from its contalnexf, ra.nd connect_ed to the harness, with
appro_prigté sterile techinque. The bottle of glycerolizing or
degl‘y-g:erblizing solution were next aseptically connected to the harness
foIidved by a unit of whole blood for glycerolization, or a umit

of thawed cells for deglycerolization. The assembly of blood and
solutions were placed inverted onto a portable rack and tra.nsferred to
the processor. |

2) Glycerolization:

Fdl_lowing the insertion of the proper programmer code into the.
drive mechanisﬁl, the cycle button was activatgd. Plasma automatigally
was separated, and the réd cells glycerolized. The on1y< maﬁual oper-
ation needed was ~clo§ure of a pinch clarﬁp on the plasma bag port and
opéning of the waste bag port during opefation. At the end of 24
minutes, the élycerolized‘ red cells were pumped into the red‘ éell bag;
the bowl was washed wiﬁ 50 ml of 50% glycerol and the wash added to

* Cryogenic , Inc., WalthamL Massachusetts.
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the cells. . The bag qf cells was detached, mixed, and é sample with-.
drawn from an attached divertic'ulum of the bag for steriiity and
glycerol assay. The plasma bag was detached and three samples withdrawn
from the inlet 'tube; a 4-inch sealed section was taken for.‘sterili.ty .
check. The plasma bag was wrapped in'alumirum foil and piaced in a
pasteboard carton with the cells and ;tt;:red at -80 C. The tubing
leading from the ACD bag was sealed with blood for subsequent samp-
ling. The empty ACD bag was weighed and recorded, the volume of

wash waste .was measured, and a sample taken for hemoglobin assay. .

3) _D_e&].xcéfolization: '

" Twenty-five ﬁnits of frozen cells and plasma were thawed in
a 37 C. water bath for 15 minutes. After pre-run procedure, the :
thawed cells were dtatied €5 appropriate hamess and automatically
washed with 4000 1l 6f deglycerolization solutions. At the end of the
cycle (25 minutes or less), the cells were displaced into the red
cell bag, the bad detached and mixed. Samples were withdranifer,
sterilit); and giycerol assay. The original plasma was t_hen'adc‘ied
~ sterily to the washed cells, except for a 25 ml aliquot retained for |
experimental analysis, s/terility check and gram stain. The entil:'e
contents of the sealeld bag of reconstituted blood was used fér
chemical and cytoloéical studies in the 15 units not administered
.autolbgously. The volume 6f' wash waste was measured and a sample
taken for hemoglobin assay. The residual blood in lines and the
bowl was lysed wiﬂf water, the volume measured, and a sample taken
for hemoglobin assay. In the units administered in-vivo, a sterile

' £ m1 aliquot was Temoved for labelling and transfusion and the
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balance was used for chemical and cytological study. In the 42
units used for hcmologous transfusion, only a small a11qout was
removed for cross -march and stenllty study
4) Storage:

Storage was in mechanical Harris; refrigerators* at -80 C.
: (4_- 15 C.) for periods of 1-3 months before use. Iﬁ was the purpose
of this study c;nly to compare the préééssing effectiven&sslof the
present equipment with that of ‘the previous slow freeze method

studies of wh:.ch have been prevxous ly reported
'RESULTS

I. General

A total of 14"7‘. disposéble( bowls was .e’valuéted. The .clarity,
configuration, £reedom £rom Flow limitations, attachment to and
release from the Rotor were good. The first 25 bowls were used for
pi'essure testing and temperature checks; The remain’i_né 122 were used -
under sterile conditions. One unit of blood was lost due to
bowl failure due to malocclusion of the 'con.centricity centering: knob -
of the bowl in the processor whlch was used. The concentricity
centermg knob of the bowl proved to be mdersued for the Rotor, and‘
this subsequently was altered

The harness functloned well, ‘and although some were kinked when
removed from the package, they were free from flow 11m1tat1ons.
One unit of blood was lost due to a pin hole leak along the seal
of the bag.

*Model 17 L-2.
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The model 19>'Proc‘es'sor, used to drive the ce'ntrifuge.shaft :
and automated punpmg mot.ors, performed flawlessly There was minor
" variation of house current w}uch affected the programner causmg
varlatmns in flow rate on occasmnal units. This variation in cufregt
and irregular edges of the fu'st program £ilm caused an estimated

" loss of 4% when compared w1th prevmus studles using: “manual control.

II Operatmnal Performance

A Temperature Cha.ng__

(Equipment and Empty BoWls) : 'Ihe two temperature ends of
two thermocouples were placed in a constant 20 C. water bath.
The distal ends of the thermocouples were plugged into a

" Rustrak Recorder whose temperature range was 10 C. to 25 C.
The thermocouple readings were identical. Teng:erature checks
were then made at the bottom, middle, and top of the model 10

housing with the cover on, w1th and w1thout a dlsposable G
plastic centrlfuge bowl for SS minutes of contimuous run- ’

" ning. The maxlmum temperature rise was 1 C. |
(Solutlons flowmg througm Dlsposable Bowls): The cal1brated
themocouples were placed in thm stainless steel thennooouple
wells. One well was attached to the mflow port of the dis-
_posable bowl, the other to the'outflow port of the bowl. Both
were positioned as close to the rotary seal as possible.

Complete glycerolization studies were carried out on 25 dis-
posable bowls. Twenty-five simulated glyeemlizetion and
deglycerolization studies were petformed using water rather

than blood. The maximum temperature rise between inflow
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and outflow during ''glycerolization' was 3 C., and during

-"'deglycerolization', 1 C. The 3 C. rise during 'glycerolization"

was during the 15 minutes of slow-flow rate of 15 ml per
minute. The disposable bowl temperature checks were iden-
tical with control studies using the reusable stainless steel

bowl. Twenty-five standard glycerolizations were then performed

with blood while the temperature of infiow and outflow was

recorded. Similar constancy of temperature was recorded.
Bacteria

No positive cultures were obtained at 4 C., room tem-

~ perature, or 37 C. in the thioglycoiate broth passed through -

‘the bowl in 25 simulated‘xuhs or in Sabouraud's media at room
temperature, and no positive cultures were obtained in the

miltiple samples removed form the 15 in-vitro blood studies,

- 10 in-vivo studies or 42 units administered as routine trans-

fusions after deglycerolization;
A deliberately contaminated bowl was connected to ster-

ile harness-and'soiutions. A simulated run was then made'to

- demonstrate the adequacy of the sterility cuiture method, Each

sample resulted in a positive culture at 37 C., 4 C., and room

temperature.



Iy i

III Characteristics of Whole Blodd, Cells and Plasma Processed

/

in the Equipment

A.

-‘Whole Blood Prior to Processing

Samples from the bags of anticoagulated whole blood fol-
lowing collection were tested for control values. These
shoved the expected range commonly encountered. The values
are shown in Tables 3+5 for: red blood célls, white blood cells,
platelet count, hematoc: 3ty hemqglo‘oin, dextran sedimentation-
rate, red cell denéity, red cell osmotic fragility, pH, gluco.se,
ATP, 2,3 DPG, sodium potassium, supernafant hemoglobin, and
intracellular potassium. .

Plasma Recovery and Content

The characteristics of the separated plasma are also
detailed in Table 3.

Glycerolized Red Cells

The effect' of glycerolization on fcd cell size and
shepe is shown in Teble 2. In general, there was an in-
crease in NCV following glycerolization. The partition of
blood cclls at different steps of the procossing'and the
effccts of red cell density, csmotic stability and sedimen-
tation characteristics arc shown in Table 3.

Prcliminary experience with the disposable equipment
shoved that mixing in the nav bowl was less complete than
for the stainless steel prototype previously reported (6).
This was believed cdue to 1b.he lighter weight, iuproved balance,

and hensce less turbulent rotaticn of the centrifuvge bowls,
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Levels of final glycerol concentration using our previousiy
reported solution volume, flow rate and operating conditions,
varied from 20 gms % to 43 gms<% with a mean of 34 gms %.
Although there is no a priori reason for anticipating less
satisfactory stabliity of the red cells from this lower glycerol
content than achieved in our previous reports (6) (14), it was
found that a simple acceleration of solution flow rates by
setting the programmer so as to compléte the entire process in
24 minutes rather than 32 provided enough agitation of cells
in the revolving bowl to provide good mixing. The range of
final glycefol content of the treated cells by this method |
(now standard) was 33.5 td 49.3 with a mean of 38.5 gns %.
Deglycerolized Cells

The effect of combined glycerolization and deglycerolization

on cell size is shown in Teble 2. There was a further increase

 in cell volume after deglycerolization, but this returned to

94,3 after resﬁspension of the washed cells in their original
ACD plasma. The effect of glycerolization and deglycerolization

on the metabolic characteristics of the red cells is shown

‘in Table 4. Only nominal decreases in glucose in the degly-

cerolized cells were those expected after washing with solutions
free of added sugar. The level of glycerol achieved in the
washed, thawed cells varies from .150 gms % to .450 gns % with
a mean of .309 gms % when using the slow 33-minutes degly-
cerolization time developed for our previous studies. Acceler-

ation of the program cycle to 25 minutes again resulted in
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~good agitation of the cells in the revolving bowl with

)

improved mixing and glycerol removal. The final glycerol con-
tent in 10 studies varied from .041 - 0.21 with a mean of |
0.13§ gms % in the washed packed cells and from .028 to 0.145
with a mean of .095 gms % in the reconstituted whole blood
at its full volume of 550 ml.

Reconstituted Blood

The in-vitro anal);ses of the washed, deglycerolized red

cells after resuspension in their autologous plasma and ready

"for tagging or transfusion are shown in Table 2 and 3. The"

plasma and cells were from all standpoints suitable for
transfusion purposes. The final recovery of red cells was

89.19 % (Table 5).

B. In-vivo Red Cell Survival

G.

The experimental data fof 16 units of deglycerolized
cells labled with 125 I and 51 Cr and given as autologous
transfusion are given ih Table 6. The mean posttransfusion
survival was 91.0 %. This included 2 units (AB 64 and AB (1)
which were shipped by Air Express a distance of 2,000 miles in
the frozen state to demonstrate the red cell stablilty while
glycerolized. One unit #65 was discarded and replaced (65 A).
Although it appeared normal at the time of deglycerolization,
a fracture of the bag had occurred from traumz during ship-
ment in dry ice.

Post-thaw Stability

A previocusly demonstrated superiority of the high glycerol,



