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13. AGGTRA¢ T

The findings in this study clearly point out that the quality ot blood and
components received by the patient is dependent, to a considerable degree, upon
the manner in which the product is packed and expedited through shipping channels.
An aggressive research effort directed toward updating the latent cargo coding sys-
tem, along with the many other often overlooked aspects of blood component logis-
tics, is imperative If satisfactory progress is to be achieved.
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ABSTRACT

BLOOD COMPONENT LOGISTICS

OBJEUTIVE

To study the packaging and transporting aspects of a relatively new
pha.se of blood banking--blood components.

METHODS

Experiments were conducted to ascertain the temperature change in
platelets when shipped in ambient temperatures of 31 and 5 C. The tem-
perature was maintained in an environmental chamber to within ± 1 C.
The internal temperature of the 25 ml aliquots of water, representing
the platelet-rich plasma (PRP), was measured by thermistor probes in-
serted inside the individual plastic bags. Two units bearing the tem-
perature monitorina Drobes were placed in thehI|,n9cnt-ine, in op-nnin
posite corners. The temperature was recorded periodically.

By prearrangement w th the Director of Waiter Reed Arily Blood Bank,
data were collected on actual shlpmentý between Fort Knox and Washington,
D. C. A temperature recorder was placed insidz the shipping box contain-
ing the PRP. A permanent record of the temperature changes is included
in this report.

.RESULTS AND CONCLUSIONS

At the elementary level of considering blood as composed of three
components, namely red cells, plasma, and platelets, the specific re-
quirements for packaging and transporting them are vastly different.
To maintain platelets at 22 C, data shov that it may be necessary to
include a warming or cooling agent in the shipping container.

The efficacy of blood componeit therapy is in a large measure de-
pendent on proper temperature maintenance for the blood fractions, from
phlebotomy to transfusion.
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BLOOD COMPONENT LOGISTICS

INTRODUCTION

History reveals that, in 1939 at the outbreak of World War I1, the
United States found itself with no organized blood bank system. There
were -no plans for siplying whole blood or blood substitutes within the
theaters of operation. By 1941, when this country became a belligerent
in that Waro a plasma r.d-.m we, b~oinnina to evolve brtt a whole ble"ed
program was not yet planned. The high combat mortality attebid to the
inadequacy of the plasma program and it was soon discontinued,

Ten years later, at the outbreak of the Korean War, a blood bank
system was implemented on the basis of expediency. Again, in 1962, a
call for whole blood for a military exigency resulted in some disap-
pointing exeriences. Trained technical and supervisory personnel were
not available in the numbers needed to satisfactorily staff the blood
program. Supplying whole blood to US forces in VietnAm presented a num-
ber of logistic problems of enormous proportion: communications, trans-
portation, handlinq of cargo, notification of arrival and departure, in-
transit delays, and other unforeseen circuistances. Each one may have
had an rappr,,labZe effect on the life of the blood and its usability
upon deli very.

Today an emergency could very well expose a weak underdeveloped and
ill-supported part of the blood banking system where quality blood and
blood products are often sacrificed, that is, packaging and shipping.
Because blood banking operationa are so complex and interlaced by so
many facets, it is imperative to maintain uniform progress in all sog-
ments of blood banking. Herein lies the purpose of this report.

With the advent and growing popularity of component therapy arise
n•w problems of packaging and transporting. The efficacy of this kind
of therapy is in a large measure dependent on proper temperature mainte-
nance for the b1iod fractions, from phlebotomy to transfusion. General
Kendrick's coanw-.it (1) during World War II remains a classic, when he re-
minds us th-t "blood and blood products are not commodities that can be
collected and stored for extended periods. It must be made available
when the need arises and the point of collection is seldom the point of
administration." Even though hlood banking has been revolutionized since
this observation was made, the concept is as, modern and valid as the day
it was pronounced. For example, during World War I blood was collected
within a 6- to 8-mile area, transported by ambulance over rough roads to
a storage icebox and used within 10 to 14 days. In contrast, present-
day blood banks provide blood and blood products with an increased shelf
life to American and allied armies many miles from the collection point.
Major problems conmnon to both blood banking peeiods, which have become
more specialized recently by the accepted practice of component th,Žrapy,
are that of cargo codifrg, mechanical transport, and maintenance of
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critical temperature:s for preservation of the lifes-aving product, Witht
the addition of component therapy new packaging techniques must bc de-
veloped.

MATERIALS AND METHODS

In the current practice of blood transfusion therapy, the trend is
toward the replacement of the blood fraction or component deficient in
the patient. The goal is to avoid overloading the patient with sub'.
stances he does not need, to reduce his exposure to risks such as hepa-
titis, and at the same time to savc th.e remaining fractions for other
patients who have specific needs for them. Because blood is so conplex
and som deficiencies so rare, it would be an economically unsound prac-
tice to fractionate blood into all its components and hold them for rou-
tine clinical use. Nevertheless, even at the elementary level of con-
sidering blood as composed of three components (red cells, plasma, and
platelets) the s.ecific requirement for packaging and transporting is
very much different,

Figure 1 indicates the extent of the Armed Forces blood program dur-
ing the Southeast Asia conflict. Figure 2 shows the contribution made to
this endeavor by the US Army Medical Research Laboratory at Fort Knox.

ARRtED $EAVICES WHOLE OLOOD
PROCESSING LflORATORY

,... - --'- -- H-, - i- - -- "-- - -I --
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Fig. 1. Units processed for over•-"as shipmnent at
the Armed Services Wh~ole Blood Processing Labora-
tory, Mc~uire Air Force Bases, New Jersey.
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Fig. 2. Units shipped from US Av'iW Medical RosearCh
Laboratory, Fort K~nox, Kentucky, to MoGul i e Alr r orce
Baseo Noew Jersey.

As a result. of these experiences in supplying blood, both stateside
and overseas. it has been discovered that delivery of good quality whole
blood, maintaihed botwean 4 ane. 10 C during shipment (2,3).ý is not In-
sured merely by the presýence of unmelted ice in the bo-' ujpon arrival atI
the rec,!Mivnq termiinal (4).

Figure 3 shows that when only half of the ice is melted tho tempera-
ture of the blond may have exceeded the safe range. Previously, the as-
sumptioni was that if ice was still present in the box., the blood hbd been
maintained at a safe temperatlure (betwe.,n 4 and 10 C)*

It is also significant that re-Icing the blood does not lower the
temprature, but morel y causies the tomperature to plateau for a few hoors.
The need for a better 1nsulated shipping box~ is Clearly Indicated. As a
consequence, the old cardboard box was repothced with 6 styrofoam ship-
ping box which provides protection from temperature fluctuations for
longer pariods.

Also, shipt~nts of fresh frozzon plasma were being destroyed because
tile plastic container becarie brittle when frozen and fragmented when
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Fig. 3. Toeperature plateau following re-icinq of the
,lood box.

improperly handled. Lack of attention to the problem of cargo coding
played an important role In the loss. A twofold offort was mado ty out,
laboratory to achieve a better percentage of delivery of this blood com-
ponent. A material made up of trapped atr bubbles between two plastic
sheets* provided the cushionvig needed and Oso had the unique proper-
t 4 of remai1ning flexible even at low temperatures. An article by
McPeak et al which oppeared recently in Military Medicine gives a plc-
torial detailed description of a very effective packagaig technique (5).

Platelot. (as PRP and PC) ar& another component continually playing
a more proninent role in the therapeutic armamentarium of those caring
for patierifs with hematologic disorders. With the advent of plastic
phlebotomy equipment which allows safe manipulation of blood in a sterile
closed .%y.Stem. platolets have been separated from other blood .ovf•onentst.
ane utilized either in the form of platelet, rich plasia or pltelet con-
centrates. The principal clinical indication for platelet infusion Is
in the treatment of the bleeding thromtbocytopenic pationt.

The best source of platelets is platelet concentrates. A 25 ral uni t
contains 70 to 800% of the platelet; found in a unit of freh whole blood.

AIRCAP -. Presque Isle Paper Products, Inc., Louisville. Kentucky.
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Platelats art procossud from an indivIdual donation of fivsh whole blood
and MIould ho infused within 6 hoeiVS of lotiation for mxiomum benofiti how-
ever, thoy are still of therapi.utic vaaWQ up to 24 hours from tine or do-
nation. ur Ing that the protranisfosion platelet count is virtualilyzero. platelets / a; aI, 7w S' un.n rOf biNod are: requi rd to p~ovido an
adult rotcpiont with a platehit count of hpproxfinateIy 60,000/nmFO. Thus,
the expensiventw.s and need for preserving the platelet during shiptufntare •pparont

Murphy ind Gardner (6) demonstrated the critical nature of tempera-
ture in pla-.elet preservation. The optialal stor•4q teperakture is •Z C
with a fla~rked change at lower teipe),aturi. Therefore, it is obvious
that the technique for paokagtng and transporting this component is quito
restricted. Platelets transjorted within a metropolitan area, whoro the
"Jiffy bag" is the comion transporting container. mky be t?ýtflly ,nade-'uate,

Figure 4 shws the rate of temperature rise with platelets packed
in the re.gular shipping containor subjected to a controlled tomperature
of 31 C t 0.6. The ideal temperature for preservation with roepect to
yield and life-span, according to H,'phy and (rJrder, has been exceeded
by appro\inatoly 6 C in approximately 5 hours, rofult0n I n t) 10 to 20%
loss.
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Figurt 5 shvws rmu1S of tho saOM Insulated I>' C , .0ont0ihi plateolt -,

conepilnti'ata• whern subjected to a c¢lltrol led anvirol rmmil teileratu'aOr. o40
S C, A 9 C• drop in t.merture oeesrraod in less than 2 hour••, au tirln t,

10 to 201, loss.
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Fig. S. Platolet shil,•ont subjected to 6) C I
control led elnv1 onii±nt.

l"iqurv 6 shows the temnperatuv'ý recorded within a styrofoam shipl
pitig corntainer packed with GO units of platelet Concentrates at Fort
Knox, Kentucky, and shipped to Walter Reed AuMtY Community Blood Center.
This shipment was made on a typical Kentucky January day, with the high-
est aybient temperature reaching 22 C at 1430 hours and a 'low of 12 C
at 0600 hours. You will note a worked decrease tn teýf4)erature from 22 C
to approximately 1? C. This occurred in the tlnK) Interval betwoon the
processinq laboratory and plane onloadlng. Later in the course of ship-
nrtnt the tnpe)orature approxinuited 10 C. The survival of platelets in
this shipir.nt, according to Murphy and Gardner (6), would be M0'.
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Fig. 6. Temperature as recorded in an actual sLipm.ent
of platelets from US ArmLy Medical Research Laboratory,
Fort Knox, Kentucky, to Walter Reed Army Community Blood
Center, Washington, D. C,

DISCUSSION

Tihe findings in this study clearly point o~t that the quality of 41
blood and components received by the patient is dependent, to a consider-
able degree, upon the manner in which the product is packed and expedited
througi%, shipping channels. An aggressive research effort directed toward
updating the latent cargo codfing system, along with the many other often
overlooked aspe--ts of blood component logistics, is imperative if satis-
factory progress is to be achieved.
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