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ABSTRACT 

INVESTIGATION OF MATERIALS AND METHODS FOR 
AIR DELIVERY OF WHOLE BLOOD AND 

BLOOD PRODUCTS 

OBJECTIVE 

Evaluation of protective materials used during both routine and 
unusual military methods of transportation and delivery of blood and 
blood products. 

METHODS 

Newly designed container s and materials were compared to other 
standard items for shipment of blood and blood products. Physical ap¬ 
pearance and certain chemical changes were categorized. Units were 
subject to a variety of methods of delivery, including free fall, free 
fall with forward motion, and parachute dropwith forward motion--all at 
various heights. 

RESULTS AND CONCLUSIONS 

The present standard shipping box has proved reliable over the 
years for long-distance shipment. However, the standard unit, when 
subjected to such maximum stresses as free fall air drop, did not pro¬ 
vide very good physical protection to the blood units. The use of either 
chute, or additional packing made of foam or air bubble material, did 
provide more protection. A newly developed shipping box of foam, 
though slightly more protective, did better with additional material. 
A different type of container, in the form of an air pillow, did protect 
the blood units in free fall delivery. However, this form of container 
was limited in space, holding only 1 to 5 units, did not provide any tem¬ 
perature protection and was not physically suitable for long-distance 
shipping. An additional problem was noted in that the blood bag was 
particularly vulnerable to trauma when cold, even in the air pillow. 
Similarly, the plastic unit containing frozen plasma was easily broken 
during shipment. However, use of the air bubble material around each 
unit was more protective, permitting long-term shipment of this item. 
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INVESTIGATION OF MATERIALS AND METHODS FOR 
AIR DELIVERY OF WHOLE BLOOD AND 

BLOOD PRODUCTS 

INTRODUCTION 

Since blood transfusion therapy has become an essential part of 
the care of the combat casualty, there is a requirement for finding bet¬ 
ter ways of solving the continuous problem it poses in medical logis¬ 
tics. Most of these problems stem from the fact that blood must come 
from another human, it is perishable and requires special handling, in¬ 
cluding refrigeration. 

In the early part of this century, whole blood was successfully 
used in transfusion therapy, though it could be stored for only a short 
time. However, it was not until World War Ilwith the urgent need for 
banked blood in multiple areas that a practical collecting solution was 
evolved. The solution, acid-citrate-dextrose, provided useful whole 
blood over storage periods up to 21 days. Even with this improved so¬ 
lution, stored blood was better preserved if maintained undisturbed un¬ 
der constant and controlled refrigeration (1-4). Thus, an adequate col¬ 
lecting solution permitted storage but the problem of shipping remain¬ 
ed, particularly for overseas military operations. 

In considering shipment, both the unit and the blood needed to be 
protected from mechanical buffeting, as well as temperature variation. 
The protection needed has to be considered in terms of space, weight, 
cost, and capacity. Over the course of World War II and the Korean 
conflict, various box designs were refined, and a container capable of 
holding 9 to 1 8 units with recipient sets was developed (Fig. 1, next 
page). While such a unit is presently in use, recently other contain¬ 
ers have been designed. Some of these are a result of further develop¬ 
ments in insulating materials, some of which have been shown to have 
improved temperature control qualities (5). 

In World War II, dried pooled plasma was used as a volume ex¬ 
pander, but was replaced by whole blood as better preservation meth¬ 
ods improved the available supply. Plastic containers have since re¬ 
placed the formerly used glass containers and therapeutic approaches 
have advanced to take advantage of this change. Single units of fresh 
frozen plasma can be employed, decreasing the risk of hepatitis and 
leading to better preservation of labile clotting factors. Shipment of 
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Fifi* !• Standard shippinfi box containing IS units of whole blood.

these frozen products creates new logistic problems, however, in that 
the container does become brittle after freezing and may be damaged 
during t'-ansit (Fig. 2, next page).

The present study was designed to evaluate the protective effect 
of various materials on blood products when transported by routine de­
livery methods and under unusual circumstances designed to meet po- 
tentia* demands raised by new developments in military operations.

GENERAL BACKGROUND

Despite the obvious physical buffeting occur ring during the trans­
portation of the blood units, gross mechanical breakdown of the red 
blood cells is seldom observed. Early work using simple mechanical 
agitation did not show any immediate effects of erythrocyte damage (1), 
and the cell survival was not seriously altered unless refrigeration was



Fig. 2. Fresh frozen plasma contained in plastic con­
tainer. Note that breakage has occurred after shipment.

inadequate. More recently, with the advent of successful rocket ve­
hicles, in vitro tests of blood carried out with shake and acceleration 
Ubles, as well as actual orbital flights, have also failed to show much 
mechanical damage (6). Though the red blood cell seemed to survive 
the physical effects, a program evaluating delivery <>f medical supplies 
by parachute reported the plastic blood container as the most vulner­
able item tested (7). This, combined with the evidence ot breakage of 
the plastic bag containing frozen plasma, indicated that the cushitTirg 
effect was needed more for the protection of containers than for the 
erythrocyte, though ultimately both would benefit fr sn such prr.t M lion.

Several different kinds of cushioning material was considered, 
though most, such as cotton batting, paper, peanut shells, popcorn, 
and vermiculite, tend to have more weight in relation to their protec­
tive effect compared to foam substances. In .idditior, foam materials



c*n b« ctMnpr«sacd rcpv'«tedly without lost oi their original structure 
or resilience. Part o£ this eftect is related to the trapped gas which 
has a certain compressibility. Two such "pneumatic" cushioning ma­
terials were evaluated in these studies. One was a new design in which 
the shipping container had both a foam cushion and a space which could 
be filled with air toforma protective pillow (Airlock design. Tuffy Co., 
see Fig. 3, below). The other consisted of two plastic sheets so join­
ed as to trap bubbles of air across the surface (Aircap design. Sealed 
Air Corp.. see Fig. 4, next page).

Fig. J. Fluid-filled plastic units held down by a transparent air- 
filled pocket against a foam base. Note valve which permits easy 
filling of air pocket.

The effects of the method of delivery on blood were also studied. 
With the ever-increasing mobility of our forces, numerous supply items
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Fig. 4. Sealed air bubble cushiuning material used to 
wrap individual units and to line standard shipping box.
Note that these contain the same number of units as in 
the non-wrapped standard b<>x.

have had to be delivered by airdrop techniques. This has likewise af­
forded an opportunity to stud physical effects under tlie most adverse 
circumstances conceivable. As already mentioned, chutes have proved 
effective in delivery of most ntedical supplies, yet plastic blood con­
tainers are found to be damaged frequently. As an additional variation, 
free drop without chute has been tried for delivery in those instances 
where aircraft could not land (8, 9). Some of these efforts were un­
successful (7), while others reported some success though the plastic 
blood container continued to show damage (9).

ONGOING TEST PROGRAM

In early 1964, one of the authors began the test programs, first 
at Walter Reed Army Institute of R»-search, Washington, D. C. , and



subsequently at US Army Medical Research Laboratory, Fort Knox, 
Kentucky. In these studies, free fall delivery was considered the max¬ 
imum physical stress, and it was hoped that the shipping container 
would survive physically and also maintain the required temperature, 
thus providing a composite economical answer to the majority of the 
shipping problems. Recent changes in design and packing materials 
have been more successful than older types, as shown in the following 
summaries and tables. 

In Table 1 (next page), most of the drops tested the air pillow, 
a new type of shipping container. Originally introduced to ship deli¬ 
cate instrument parts, these units were relatively small and were 
only able to hold one blood bag. A later design holds five blood bags 
and recipient sets (see Fig. 3, page 4). Unfortunately, these con¬ 
tainers do not supply any refrigeration protection for the blood. Others 
also report using the small, single-unit air pillow, that when the plas¬ 
tic blood bag is cooled it is more susceptible to breakage, even in the 
air pillow. 

As can be seen by the table, twoforms of free fall delivery were 
tried: static fall from a hovering aircraft, and free fall from a moving 
aircraft. Different altitudes were used, with decreasing accuracy with 
increasing height. In these initial studies, the air pillow delivered the 
greatest number of intact units. 

A more important part of this study than the possible ability to 
deliver intact blood units from a tactical point of view is the evalua¬ 
tion of changes in blood after maximum physical injury. Various in 
vitro tests were employed to evaluate possible changes in the blood 
and these were compared with samples drawn from the surviving post¬ 
drop unit. The tests included plasma hemoglobin, potassium, hema¬ 
tocrit, and osmotic fragility, with the average values being shown in 
Table page 8. The e were no real changes in either plasma hemo¬ 
globin or potassium under the conditions of the experiment. In addi¬ 
tion, there was seldom evidence of visible hemolysis. These findings 
tend to support the previous y mentioned work, indicating little overt 
damage from physical trauma. Fiwever, when the dropped units were 
stored, certain changes were obeerved (1 0)which suggested that dam¬ 
age had, in fact, occurred and, though inapparent in the first few days, 
ultimately became detectable. It might be anticipated that air delivery 
of blood would be for emergency use; hence, unlikely that the blood 
would be stored. 
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A study of the prctective effect of cushioning materials on filled 
plastic blood bags under a variety of selective methods of delivery was 
designed. Polyurethane foam has been utilized as an insert for a blood 
shipping box (Model CB-2, Phillips-Foscue Co., see Fig. 5, below).

Fig. 5. Fixed urethane foam is used as lining and the in­
dividual units are held by a flexible pre-cut polyfoam cush­
ion. Note only 12 units can be packed.

Aircap material (TM 20) was used as a protective wrap around each 
unit as well as a standard blood box liner (see Fig. 4, page 5). Com­
parisons of the protective effect of these two materials against the 
standard blood box and the air pillow were made. Table 3 (next page) 
contains a summary of the results of the most recent series of drops. 
These deliveries were made from a Model OH23GHiller helicopter* or 
occasionally a U6A fixed-wing aircraft* was used. Before designing

*Piloted by Major J. C. Rothwell, MSC. Operations Training Officer. 
USAMRL, Fort Knox, Kentucky.
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these experiments, previous wrrk utilizing chutes was reviewed. The 
68-inch chute was most accurate but did not effectively open below 60 
fe«t. The cargo chute (G13) was less accurate but more effective in 
slowing a larger load (8, 11).

To obtain a maximum amount of information, the cargo was de­
livered under simulated tactical conditions of accurate, low-level drops 
carried out while moving. The 68-inch chute was used for maximum 
braking and supporting effect. The boxes were also provided addition­
al impact cushioning (see Fig. 6, below). The effect of the fall on

» »

r
y ill

V ■

T
Fig. 6. Standard blood box has been rigged with the standard 
68-inch chute. The cardboard honeycomb base has been add­
ed for extra protection.

some of the boxes is shown in Figures 7, 8 (page Id), and 9 (page 13). 
Free fall from 500 feet was a total loss except for the air pillow, but
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*■ «

w *
Fig. 7. A standard blood box at point of impact 
after 50-foot free fall. 1 he forward motion adds 
additional damage at impact. As was seen with 
many boxes, the force can exceed the bursting 
strength of the outside walls allowing the contents 
to be subjected to secondary impact stresses.

Fig. 8. Standard blood box after 50-foot free fall 
with side wall breakage.
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Fig. 9. Standard blood box after 50-loot free fallhas burst but the 
individual units wrapped in extra packing material have survived.

the 50-foot drop, while moving, was relatively successful. During the 
50-foot series, two boxes were dropped in the scrub timber rather than 
open fields. Since these boxes had more intact units recovered than 
those from open areas, their fall may have been partially broken with 
perhaps less physical stress to the units. The additional packing ma­
terial did increase the recovery in both types of shipping boxes. Though 
the air pillow was highly successful, when ice was added and the plastic 
blood bags were cold, most of thcae bags broke. Thus, it was imprac­
tical to add refrigeration to this drop system. The chute delivery was 
successful even without the additional packing material, and a higher 
altitude could be used without loss of accuracy.

The protective effect ot thi Aircap material became apparent 
during these studies, and the iinalone was designed to demonstrate this



effect on frozen pUztic bags subjected to severe trauma. The air bub­
ble material, with both supportive and insulating properties, was pre­
pared as individual bags for plasma units. These were then placed in 
standard shipping boxes (see Fig. 10, below). The results are shown 
in Table 4 (below). The findings provide good evidence of the protec­
tive effect of this material and suggest that it would provide additional 
protection for normal frozen product shipments.

Fig. 10. Individual fresh-frozen plasma units wrapped 
in air bubble material.

TABLE 4

Number of Frozen Plasma Units Recovered After Air Delivery 
in Standard Shipping Containers

Phase No.
Blood Unit

Recovered %* Remarks

Frozen plasma phase, 
free fall, 60 knots:

50 Ft 11 11 100 Aircap used
100 Ft 11 9 90 Aircap used

*
Approximate percentage recovered.



SUMMARY 

Continuous evaluation of possible improvements in blood ship¬ 
ping methods is part of the mission of the Blocd Transfusion Division 
of the US Army Medical Research Laboratory. Studies of the effect of 
air drop on whole blood demonstrate that packing materials of either 
the foam or air bubble type increase the protection of units to trauma. 
Cargo chutes also offered definite protection. A shipping container in 
the form of an air pillow provided considerable protection in free fall 
air delivery. Each pillow unit can transport only 1 to 5 units and pro¬ 
vides no temperature protection; thus, all blood so delivered would re¬ 
quire immediate usage. These studies further show that the plastic 
bags may be more vulnerable to trauma of this type than the blood it¬ 
self. Though the immediate effects of trauma appear to be minimal, 
there is evidence that the blood might not withstand storage following 
trauma as well as non-traumatized units. Finally, Aircap material 
has been demonstrated to afford considerable protection tofrozen plas¬ 
tic bags, reducing their vulnerability to routine shipping methods. 
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The present standard shipping box has proved reliable over the years for long¬ 
distance shipment. However, the standard unit, when subjected to such maximum 
stresses as free fall air drop, did not provide very good physical protection to the 
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ly suitable for long-distance shipping. An additional problem was noted in that the 
blood bag was particularly vulnerable to trauma when cold, even in the air pillow. 
Similarly, the plastic unit containing frozen plasma was easily broken during ship¬ 
ment. However, use of the air bubble material around each unit was more protec¬ 
tive, perirJtting long-term shipment of this item. (U) 
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