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ABSTRACT

Background: Transfusion of whole blood (WB) is a lifesaving 
treatment that prolongs life until definitive surgical interven
tion can be performed; however, collecting WB is a time 
consuming and resourceintensive process. Furthermore, it 
may be difficult to collect sufficient WB at the point of injury 
to treat critically wounded patients or multiple hemorrhaging 
casualties. This study is a followup to the proofofconcept 
study on the effect of airdrop on WB. In addition, this study 
confirms the statistical significance for the plausibility of using 
airdrop to deliver WB to combat medics treating casualties in 
the prehospital setting when Food and Drug Administration 
(FDA)–approved coldstored blood products are not available. 
Methods: Fortyeight units of WB were collected and loaded 
into a blood cooler that was dropped from a fixedwing air
craft under a Standard Airdrop Training Bundle (SATB) para
chute or 68in pilot chute. Twentyfour of these units were 
dropped from a C145 aircraft, and 24 were dropped from a 
C130 aircraft. A control group of 15 units of WB was stored
in a blood cooler that was not dropped. Baseline and postin
tervention laboratory tests were measured in both airdropped
and control units, including complete blood count; prothrom
bin time/partial thromboplastin time (PT/PTT); pH, lactate,
potassium, bilirubin, glucose, fibrinogen, and lactate dehydro
genase (LDH) levels; and peripheral blood smears. Results:
The blood cooler, cooling packs, and all 48 WB units did not
sustain any major damage from the airdrop. There was no
evidence of hemolysis. Except for the one slightly damaged
bag that was not sampled, all airdropped blood met parame
ters for transfusion per the Joint Trauma System Whole Blood
Transfusion Clinical Practice Guideline and the Association
for the Advancement of Blood and Biotherapies (AABB) Cir-
cular of Information for the Use of Human Blood and Blood
Components. Conclusions: Airdrop of fresh or stored WB in a
blood cooler with a chute is a viable way of delivering blood
products to combat medics treating hemorrhaging patients
in the prehospital setting. This study also demonstrated the
portability of this technique for multiple aircraft. The tech
niques evaluated in this study have the potential for utilization

in other austere settings such as wilderness medicine or hu
manitarian disasters where an acute need for WB delivery by 
airdrop is the only option.

Keywords: whole blood transfusion; airdrop; airdrop blood;
 aerial resupply; tactical combat casualty care

Introduction
Data collected throughout the Afghanistan theater have as
sociated better outcomes when the timeline to damage con
trol surgery is less than an hour and when patients receive 
pre hospital blood product transfusions.1,2 Although patient 
outcomes have improved drastically throughout the last two 
decades, most combatrelated deaths occur before reaching 
medical treatment facilities. About 25% of these deaths are 
considered avoidable, with nearly 90% of the latter caused 
by hemorrhage.3 This information has led to a more robust 
network for prehospital care and has driven advancements 
in damage control resuscitation strategies, including pointof
injury or enroute blood transfusions for both military and 
civilian trauma centers.4,5

Several tactics have been developed within the military to pro
vide early blood transfusion capabilities, including combat 
medics carrying lowtiter O whole blood or collecting units 
of prescreened type O blood from other unit members at the 
point of injury. Despite these efforts, a gap remains in capa
bilities when the blood required outpaces the blood available 
in situations such as massive hemorrhage, mass casualty inci
dents, or prolonged casualty care. Many studies have shown 
the importance of patient survival with prehospital transfu
sion; however, few studies have demonstrated alternative, safe 
delivery methods.

In the previous investigation published in this journal by 
Tong et al,6 fresh WB was airdropped from a C145 Combat 
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Aviation Advisor training aircraft to assess whether aerial re
supply could potentially serve as a platform to deliver blood 
products to combat medics when casualty evacuation was un
available. The study suggested that airdrop can be an effective 
and safe method for blood delivery; however, the analysis re
quired increased power to validate its safety. To achieve statis
tical significance and incorporate other operational aircraft, 
this project airdropped 24 units of blood from both C145 
and C130 aircraft. Finally, additional data were collected us
ing an accelerometer to evaluate the forces acting upon the 
blood.

Methods
WB Collection
In compliance with standards set forth by the AABB and 
FDA, a total of 48 CPDA1 blood collection sets (Haemon
etics; NSN, 6505015998028) were used to collect 500mL 
WB from volunteer donors. For the C145 airdrop, 21 WB 
units were collected 18 days predrop and shipped overnight 
to the Eglin AFB hospital laboratory. An additional 14 WB 
units were collected 8 days predrop from donors and stored 
in the same laboratory. The units were stored at 3°C in a 
temperature controlled refrigerator. Baseline samples were 
collected from each WB CPDA1 collection unit prior to air
drop. For the C145 drop, four units of WB were placed into 
each of the six BloodBoxx Evac blood coolers (Combat Med
ical; SKU, 39401), each also containing four cooling packs 
refrigerated to 3°C. A total of 24 experimental WB units were 
airdropped, and 11 control WB units were placed into blood 
coolers that were not airdropped. For the first C130 airdrop, 
eight units were collected the day prior to the drop. The stor
age, prelaboratory collection, and packing were consistent 
with the above. A total of 4 experimental WB units were air
dropped and 4 control WB units were not airdropped as a 
control group. For the second C130 airdrop, 19 WB units 
were collected 5 days prior to the drop, and 1 additional WB 
unit was collected the day prior. The storage, prelaboratory 
collection, and packing process was consistent with the above. 
A total of 20 experimental WB units were placed into blood 
coolers and airdropped, and there were no additional control 
units. All airdropped blood was within storage parameters for 
transfusion prior to the drop per Joint Trauma System and 
AABB guidelines.7,8

Airdrop Procedures
A SATB parachute or 68in pilot chute (henceforth referred to 
as a chute) (NSN, 1670002167297) was packed and rigged 
to the airdrop blood cooler with 8/4 unwaxed cotton thread 
(Figures 1–5). The total weight of the chute, chute deployment 
bag, blood cooler, four cooling bags, four WB units, and an ac
celerometer was approximately 17.4 lb. C145 ramp airdrops 
were required to meet a 28 lb per square foot (psf) minimum 
in accordance with Air Force Technical Order (TO) 13C7
111. Bundles were 8 pounds short; therefore, 10lb weights

FIGURE 1  Configuration/set-up.

(A) CPDA1 bag configuration. (B) Combat Medical BloodBoxx Evac
blood cooler with attached chute. (C) Delivery/pickup of control units 
via simulated vehicle of opportunity. (D) Coolers loaded with four
WB units, four cooling packs, and one accelerometer. (E) Closeup of
the loaded cooler for the C145 drop showing 10lb weight. (F) Post 
airdrop bundle inspection.

FIGURE 2  Pre-drop.

(A) Bundle prepared for the drop. (B) Predrop laboratory testing.
(C) Packing bundles. (D) Rigger checking the bundles.

FIGURE 4  C-130 airdrop.

(A) C130 profile. (B) Floor loaded with bundles. (C) The loadmas
ter drops a bundle from the paratroop door. (D) Loading the C130.
(E) Checking bundles prior to the drop. (F) The C130 airdrop. (G) The
bundle under the chute.

FIGURE 3  C-145 airdrop.

(A) C145 dropping bundles at night. (B) Loadmaster preparing for
airdrop. (C) C145 ramp. (D) Tracking bundle on the drop zone.
(E) Loading the C145. (F) Bundle configuration on the C145.
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were added to the front pocket, as seen in Figure 1E. For the 
C130 drops, paratroop door delivery was selected because 
of the lower 11 psf requirement for door bundles. No added 
weight was required. For each aircraft, an exception issued by 
the Fort Lee Aerial Delivery and Field Services Department 
lowered the minimum required weight for the chute from  
30 lb to 13.5 lb.

The blood coolers were airdropped by the C145 at an altitude 
of 200 feet above ground level (AGL) flying at approximately 
100 nautical miles per hour. For the C130, the blood coolers 
were airdropped from the paratroop door at an altitude of 
500 feet AGL, flying at approximately 130 nautical miles per 
hour. Bundles were immediately collected from the drop zone 
and groundtransported to the Eglin Hospital Laboratory for 
postairdrop laboratory analysis and storage.

Storage, Sampling, and Testing 
All WB units were stored at 3°C. Each WB unit was individu
ally mixed by gentle inversion prior to sampling. Open system 
sampling of 16mL WB, aliquoted into four 13 × 75mm plas
tic tubes, was conducted before and after the airdrop. One 
tube was delivered to the coagulation, hematology, chemistry, 
and blood gas sections for respective laboratory analysis. Co
agulation studies were performed on the STA Compact Max 
analyzer (Stago). Complete blood counts were performed on 
the DxH 800 Hematology Analyzer (Beckman Coulter). The 
GEM Premier 4000 analyzer (Instrumentation Laboratory) 
was used to measure WB pH. Lactate, potassium, LDH, bili
rubin, and glucose measurements were performed on the At
telica integrated chemistry analyzer (Siemens). WB units were 
packaged in Collins boxes for transportation to the airfield. 
Postdrop, units were received in a BloodBoxx container. The 
temperature of the experimental and control units was 7.6°C 
and 6.8°C, respectively. Postsampling was accomplished 
within 24 hours of baseline sampling.

Statistical Analysis
Analysis of covariance (ANCOVA) was used to compare the 
group differences, controlling for baseline. Tukey’s post hoc 
tests were used to adjust for the number of tests performed to 
control for type I errors, and we reported adjusted p values. 
The p value <.05 was considered statistically significant. Sta
tistical analyses were performed using SAS version 9.4 (Statis
tical Analysis Software).

Results
Each SATB parachute deployed appropriately for all 12 air
drops. There was minor damage to the stitching on the blood 
cooler strap system on half of the airdropped coolers, but 
other wise, there was no visible damage to the blood coolers or 
cooling elements. All WB units within the cooler were intact 
except for one unit on the C145 drop that had minor leakage. 
The WB unit with minor damage was discarded without post
drop laboratory testing. Neither the experimental nor control 
WB units showed any evidence of hemolysis on gross exam
ination; neither were schistocytes noted on peripheral smear.

Accelerometer data were collected for each of the airdropped 
units and compared with the data for the control (Table 1). 
The temperature within the test and control coolers remained 
between 6.82°C and 8.35°C, and the average pressure was be
tween 997.5 mbar to 1012.0 mbar. The average mechanical 
shock for the C145 airdrop recorded 377.6 Gz, compared 
with the C130 airdrop, which experienced 197.2 Gz. The av
erage shock exerted on the control group was 36.8 Gz.

TABLE 1  G-Meter Data

Factor
Average 

Temperature (°C)
Average 

Pressure (mbar)
Average Total 

Shock (g)

Control 8.35 ± 0.16 1012.0 ± 0.8 36.8 ± 9.1

C145 airdrop 6.62 ± 1.12 997.5 ± 4.8 377.6 ± 82.6

C130 airdrop 8.16 ± 0.99 998.8 ± 7.0 197.2 ± 57.3

Mean baseline and postairdrop laboratory analyses are sum
marized in Table 2 and Figure 6. Notably, there was a 2× dif
ference in potassium measurements between the C145 airdrop 
and both the control and C130 airdrops. However, there was 
a consistent increase between baseline and postintervention 
potassium measurements in each airdrop and control group. 
Additionally, the hemoglobin levels between the predrop and 
postdrop laboratory values for the C130 indicated an aver
age decrease from 13.71g/dL to 11.50g/dL, but the C145 air
drop and controls seemed to have small increases of 11.76g/dL  
to 11.83g/dL and 12.58g/dL to 12.78g/dL, pre to post 
intervention, respectively. Similarly, the respective hematocrit 
baseline and postairdrop levels were 41.32% and 35.25% for 
the C130 drop, 36.3% and 37.24% for the C145 drop, and 
38.2% and 38.96% for the control group. Furthermore, the 
platelet counts increased in each airdrop test group between 
the baseline and postintervention laboratory values. Platelet 
counts for the C130 drop were 96.46 10–3/µL predrop and 
130.33 10–3/µL postdrop; C145 counts were 58.7 10–3/µL 
predrop and 67.3 10–3/µL postdrop; and control counts were 
88.47 10–3/µL predrop and 99.47 10–3/µL postintervention. 
Lactate increased between baseline and postintervention lab
oratory values for each airdrop and the control.

An ANCOVA test was performed to compare postinterven
tion results between the C130 airdrop, C145 airdrop, and 
no airdrop control blood units by controlling for the baseline. 
Tukey’s post hoc test was performed to learn whether a statis
tical significance existed between different means. This analy
sis revealed that there were statistically significant differences 
in the means for potassium levels between the C145 airdrop 
and control, as well as the C145 and the C130 airdrop. Also, 
there was a significant difference between the total bilirubin 
and indirect bilirubin in the C130 airdrop versus the C145 
airdrop. LDH and PTT in the C130 versus the C145 airdrop, 

FIGURE 5  Post-drop.

(A) Retrieving bundles after the C145 drop. (B) Postdrop laboratory 
testing. (C) Postdrop laboratory testing. (D) Minor damage to a box. 
(E) Intact WB units postdrop. (F) Bundle on drop zone. (G) Retrieving 
bundles after the C130 drop.

All articles published in the Journal of Special Operations Medicine are protected by United States  
copyright law and may not be reproduced, distributed, transmitted, displayed, or otherwise published  

without the prior written permission of Breakaway Media, LLC. Contact publisher@breakawaymedia.org



12  |  JSOM   Volume 22, Edition 3 / Fall 2022

as well as the C145 airdrop and control, showed statistical 
significance. Additionally, there were statistically significant 
differences in the fibrinogen levels between the C130 airdrop 
and control and the C145 airdrop and control. Finally, hemo
globin, hematocrit, and platelet counts had significant differ
ences in the C130 versus C145 airdrop and C130 airdrop 
versus control.

Discussion
The proofofconcept pilot for Operation Blood Rain demon
strated the feasibility of airdropping fresh WB as a potential 
method to deliver WB to combat medics treating massively 
hemorrhaging patients in the austere prehospital setting; 
however, because of the small number of units, statistical 

significance was not obtained with that first study.6 This fol
lowon study sought to validate airdrop as a viable method of 
delivery for both fresh and stored WB for transfusion in the 
field. To our knowledge, this is the first reported investigation 
of airdropped fresh and stored CPDA1 WB. All airdropped 
and control blood units met criteria for blood transfusion per 
WB transfusion guidelines as outlined by the Joint Trauma 
System Whole Blood Transfusion Clinical Practice Guideline 
and the AABB Circular of Information for the Use of Hu-
man Blood and Blood Components.7,8 There were no signs of 
hemolysis on peripheral smear or on visual analysis of spun 
samples used for chemistry testing. Additionally, there was no 
evidence of hemolysis on ancillary assays to include LDH, po
tassium, or indirect bilirubin. Current AABB guidelines on ac
ceptable levels of hemolysis for stored PRBC units is <1%.9,10

TABLE 2  Statistical Analysis

Variable

C-130 Airdrop C-145 Airdrop No Airdrop (Control)

p ValueT0 T+4 hr T0 T+4 hr T0 T+4 hr

pH, mean (SD) 
[95% CI]

6.86 (0.09)
[6.82–6.9]

6.81 (0.07)
[6.78–6.84]

6.74 (0.09)
[6.7–6.78]

6.71 (0.1)
[6.66–6.75]

6.89 (0.09)
[6.84–6.94]

6.85 (0.05)
[6.82–6.88]

.47*
.50**
.14***

Lactate, mmol/L, 
mean (SD) 
[95% CI]

7.53 (2.53)
[6.46–8.6]

8.43 (2.45)
[7.4–9.47]

17.44 (3.16)
[16.08–18.8]

18.01 (3.13)
[16.66–19.36]

6.86 (2.19)
[5.65–8.08]

7.99 (2.7)
[6.49–9.48]

.72*
.60**
.44***

Potassium, 
mmol/L, mean 
(SD) [95% CI]

7.62 (2.2)
[6.69–8.55]

7.76 (1.88)
[6.96–8.55]

16.15 (2.51)
[15.06–17.23]

16.73 (2.53)
[15.63–17.82]

8.91 (3.12)
[7.18–10.64]

9.31 (3.07)
[7.61–11.02]

.003*

.16**
.049***

Glucose, mg/dL, 
mean (SD) 
[95% CI]

418.29 (33.8)
[404.02–432.56]

409.92 (36.53)
[394.49–425.34]

332.74 (28.52)
[320.4–345.07]

334.61 (19.87)
[326.01–343.2]

410.27 (40.52)
[387.83–432.7]

403.87 (43.28)
[379.9–427.83]

.76*
.94**
.90***

Total bilirubin, 
mg/mL, mean 
(SD) [95% CI]

0.4 (0.21)
[0.31–0.48]

0.39 (0.2)
[0.3–0.47]

0.35 (0.24)
[0.24–0.45]

0.44 (0.33)
[0.3–0.59]

0.57 (0.6)
[0.23–0.9]

0.59 (0.57)
[0.27–0.9]

.002*

.67**
.08***

Direct bilirubin, 
mg/mL, mean 
(SD) [95% CI]

0.14 (0.07)
[0.11–0.17]

0.15 (0.08)
[0.11–0.18]

0.13 (0.09)
[0.1–0.17]

0.16 (0.08)
[0.12–0.19]

0.2 (0.2)
[0.09–0.31]

0.21 (0.22)
[0.09–0.34]

.56*
.95**
.83***

Indirect bilirubin, 
mg/mL, mean 
(SD) [95% CI]

0.26 (0.15)
[0.2–0.32]

0.24 (0.13)
[0.18–0.3]

0.21 (0.16)
[0.14–0.28]

0.29 (0.26)
[0.17–0.4]

0.37 (0.41)
[0.14–0.59]

0.37 (0.35)
[0.18–0.57]

.02*
.68**
.25***

LDH, U/L, mean 
(SD) [95% CI]

231.17 (83.7)
[195.82–266.51]

226.46 (78.6)
[193.27–259.65]

424 (126.66)
[369.23–478.77]

448.87 (112.53)
[400.21–497.53]

234.67 (83.6)
[188.37–280.96]

232.4 (95.04)
[179.77–285.03]

.0009*
.97**

.004***

PT, sec, mean 
(SD) [95% CI]

14.81 (0.9)
[14.43–15.19]

16.02 (5.58)
[13.66–18.37]

18.8 (1.5)
[18.16–19.45]

18.43 (1.38)
[17.83–19.03]

14.73 (0.87)
[14.24–15.21]

14.73 (0.99)
[14.18–15.27]

.99*
.55**
.85***

PTT, sec, mean 
(SD) [95% CI]

35.48 (3.82)
[33.87–37.09]

35.45 (3.89)
[33.81–37.1]

45.7 (5.41)
[43.36–48.04]

42.95 (6.58)
[40.1–45.79]

39.15 (3.9)
[36.99–41.31]

38.4 (3.74)
[36.33–40.47]

.005*

.54**
.03***

Fibrinogen,  
mg/dL, mean (SD)  
[95% CI]

258.88 (47.52)
[238.81–278.94]

282.67 (54.69)
[259.57–305.76]

264.65 (59.8)
[238.79–290.51]

285.26 (66.15)
[256.66–313.86]

292.33 (62.54)
[257.7–326.97]

300.8 (64.82)
[264.91–336.69]

.75*
.009**
.045***

Hemoglobin, g/
dL, mean (SD) 
[95% CI]

13.71 (2.29)
[12.74–14.68]

11.5 (1.12)
[11.02–11.97]

11.76 (1.18)
[11.25–12.27]

11.83 (1.16)
[11.33–12.34]

12.58 (1.22)
[11.9–13.26]

12.78 (1.3)
[12.06–13.5]

.02*
<.0001**
.14***

Hematocrit, %, 
mean (SD) 
[95% CI]

41.32 (6.97)
[38.37–44.26]

35.25 (3.14)
[33.92–36.57]

36.3 (3.49)
[34.79–37.81]

37.24 (3.06)
[35.92–38.56]

38.2 (3.36)
[36.34–40.06]

38.96 (3.7)
[36.91–41.01]

.003*
.0001**
.45***

Platelets, 103/µL, 
mean (SD) 
[95% CI]

96.46 (42.12)
[78.67–114.24]

130.33 (34.24)
[115.88–144.79]

58.7 (17.6)
[51.09–66.31]

67.3 (12.9)
[46–100]

88.47 (56.51)
[46–214]

99.47 (57.22)
[67.78–131.15]

<.0001*
.001**
.36***

*C130 vs C145.
**C130 vs Control.
***C145 vs Control.
CI, confidence interval; LDH, lactate dehydrogenase; PT, prothrombin time; PTT, partial thromboplastin time; SD, standard deviation; U/L, 
units per liter.
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Mean pH did decrease and glucose increased across both the 
airdrop and control groups, although this has been previously 
observed when mixing blood with the acidic anticoagulants of 
CPDA1.11 Additionally, the baseline values are within normal 
limits based on the timeframe in which the blood was stored, 
including the potassium levels for the units used in the C145 
airdrop.12 There is also potential for storage lesions—referring 
to the structural and functional changes of donated red blood 
cells that can cause increased hemolysis—that typically starts to 
occur after about 2 weeks of storage.13 WB in CPDA1 bags can 
be stored for up to 35 days prior to transfusion. Studies and 
standard use have shown that even with these laboratory value 
changes over the duration of storage, the WB was still safe for 
transfusion.14 Ideally, all units of blood would have been collected 
and airdropped with the same number of days spent in storage, 
but this was challenging because of constraints with collecting 
high volumes of blood products and then coordinating airdrop 
missions. The capability of WB to coagulate was assessed with 
PT/PTT, which did not appear to be significantly affected in pre 
and postintervention analysis in the airdrop and control groups. 
The temperature of the units was 7.6°C and 6.8°C in the exper
imental and control groups, respectively, which is inside of the 
target temperature to transport WB 1°C to 10°C.

As can be observed, there was significant variance in the base
line values of the WB unit based on time of storage versus 
the use of fresh WB. This may have potential as a confound
ing factor; however, it may also be useful as a mimic of re
alworld conditions where airdrop would be used, which may 
include the use of either stored WB or fresh WB via either the 
Ranger O Low Titer (ROLO) protocol, the Air Force Special 
Operations Command (AFSOC) Special Operations Low Titer 
(SOLO) protocol, or the lowtiter O WB protocol.7

Accelerometer data showed a variance of G forces with in
creased Gz for the C145 bundle—which was heavier with the 
10lb weight. This additional poundage was added to meet the
C145 ramp airdrop requirements of 28 psf minimum. The
increased mechanical shock did not correlate to any signs of
increased hemolysis. Additionally, the increased altitude of the
C130 drop of 500feet AGL compared with the C145 200
feet AGL did not show a significant effect on the pre and
postlaboratory values between the two aircraft drops.

It is important to note that the first line of care would continue 
to be to use FDAapproved coldstored lowtiter O WB and 
other FDAapproved coldstored blood products. However, 
airdropped WB for a patient with massive trauma and hemor
rhage in the prehospital setting could be employed in remote 
theater situations with no other expedient options available. 
The risks and benefits of using airdropped WB will need to 
be considered by combat medics and combatant command 
surgeons.

The other unique aspect of this study was the utilization of 
more than one type of military aircraft with slightly different 
drop profiles. This demonstrates the portability of this life
saving procedure that will increase the operational flexibility 
to potentially use any aircraft of opportunity should the need 
arise. Unmanned aerial vehicles may also provide yet another 
way to deliver medical supplies, including WB to combat units 
using similar drop procedures.

Conclusions
Our findings suggest that airdrop is a safe method to deliver 
fresh or stored WB to combat medics treating massively hem
orrhaging patients in the austere prehospital setting. The next 
step will be to incorporate the chute minimum weight waiver 
into TO 13C7111 to ensure that all US military airdrop units 
can use these findings to save lives. The authors continue to 
coordinate with the appropriate Air Force and Army agencies 
for the TO updates. The techniques evaluated in this study 
have the potential for use in other austere settings, such as wil
derness medicine or humanitarian disasters, where there could 
be an acute need for WB delivery in which airdrop is the only 
option.

Acknowledgment
The authors would like to thank the 6 SOS, 492 SOTRG Det 
2, SOCOM Det 1, and 417 FLTS for their assistance in rig
ging bundles as well as coordinating the flights and air drops. 
Additionally, they would like to acknowledge Brian Casleton, 
Armed Services Blood Program, and Joseph Rose, AFSOC/
SGR, for their assistance completing this project. Finally, 
the authors would like to thank Jisuk Parks, PhD, at JBSA 
Lackland, TX, for statistical analysis assistance

FIGURE 6  Comparison of Airdrop
Versus Control Values

LDH, lactate dehydrogenase; 
PT, prothrombin time; PTT,  
partial thromboplastin time

All articles published in the Journal of Special Operations Medicine are protected by United States  
copyright law and may not be reproduced, distributed, transmitted, displayed, or otherwise published  

without the prior written permission of Breakaway Media, LLC. Contact publisher@breakawaymedia.org



14  |  JSOM   Volume 22, Edition 3 / Fall 2022

Author Contributions
RLT conceived the study concept, designed the study, coordi
nated C145 airdrop capability, and assisted with statistical 
analysis and discussion. MM and WJB coordinated laboratory 
support and assisted with data collection and analysis. WJB 
coordinated blood collection and delivery. RWCF assisted with 
study design, IRB submission and approval, and coordination 
of study execution and training, and recruited subjects. EKS 
and WDS assisted with study execution, recruited subjects, and 
conducted related training, as well as collection and analysis 
of the data. EKS, WDS, MM, and RWCF all performed back
ground literature searches. EKS consolidated the collected data. 
WDS coordinated C130 airdrop capability and military air
drop waivers. CWB conceived the study concept, coordinated 
airdrop capability, recruited subjects, and conducted related 
training. ALM coordinated command authorization, team net
working, and writeup. All authors assisted in conducting the 
study and read and approved the final manuscript.

Disclaimer
The views expressed in this article are those of the authors and 
do not necessarily reflect the official policy or position of the 
Department of the Air Force, Department of Defense or the 
U.S. Government.

Conflict of Interest Statement
There are no known conflicts of interest for any of the authors.

References
1. Vitalis V, Carfantan C, Montcriol A, et al. Early transfusion on

battlefield before admission to role 2: a preliminary observational
study during “Barkhane” operation in Sahel. Injury. 2018;49(5):
903–910.

2. David J-S, Wey P-F, Peyrefitte S. Prehospital blood product transfu
sion and combat injury survival. JAMA. 2018;319(11):1166–1167.

3. Langan NR, Eckert M, Martin MJ. Changing patterns of in 
hospital deaths following implementation of damage control re
suscitation practices in US forward military treatment facilities.
JAMA Surg. 2014;149(9):904–912.

4. Gerhardt RT, Strandenes G, Cap AP, et al; THOR Network and
RemTORN Study Groups. Remote damage control resuscitation
and the Solstrand Conference: defining the need, the language,
and a way forward. Transfusion. 2013;53 Suppl 1:9S16S.

5. Krook C, O’Dochartaigh D, Martin D, et al. Blood on board:
the development of a prehospital blood transfusion program in a
Canadian helicopter emergency medical service. CJEM. 2019;21
(3):365–373.

6. Tong RL, Bohlke CW, Clemente Fuentes RW, Moncada M,
Schloe AD, Ashley RL. Operation Blood Rain: the effect of air
drop on fresh whole blood. J Spec Oper Med. 2021;21(2):29–33..

7. Cap AP, Beckett A, Benov, A, et al. Joint Trauma System Clinical
Practice Guideline (JTS CPG). Whole Blood Transfusion (CPG
ID:21). 18 May 2018.

8. Association for the Advancement of Blood and Biotherapies. Cir-
cular of Information for the Use of Human Blood and Blood-
Components. October 2017 https://www.aabb.org/docs/default
source/defaultdocumentlibrary/resources/circularofinformation
1017.pdf?sfvrsn=7d348f7b_0.

9. Lacroix J, Tucci M. Clinical impact of length of storage before red 
cell transfusion. [French] Transfus Clin Biol. 2011;18(2):97–105.

10. Samuel O. Sowemimo-Coker. Red blood cell hemolysis during
processing. Transfusion Med Rev. 2002;16(1):46–60.

11. Hess JR. Conventional blood banking and blood component
storage regulation: opportunities for improvement. Blood Trans-
fus. 2010;8(Suppl 3):s9s15.

12. Bailey DN, Bove JR. Chemical and hematological changes in
stored CPD blood. Transfusion. 1975;15(3):244–249.

13. Opoku-Okrah C, Acquah BKS, Dogbe EE. Changes in potas
sium and sodium concentrations in stored blood. Pan Afr Med
J. 2015;12;20:236.

14. Antwi-Baffour S, Adjei JK, Tsyawo F, Kyeremeh R, Botchway
FA, Seidu MA. A study of the change in sodium and potassium
ion concentrations in stored donor blood and their effect on elec
trolyte balance of recipients. Biomed Res Int. 2019 Sep 29;2019:
8162975.

All articles published in the Journal of Special Operations Medicine are protected by United States  
copyright law and may not be reproduced, distributed, transmitted, displayed, or otherwise published  

without the prior written permission of Breakaway Media, LLC. Contact publisher@breakawaymedia.org

https://www.aabb.org/docs/default-source/default-document-library/resources/circular-of-information-10-17.pdf?sfvrsn=7d348f7b_0
https://www.aabb.org/docs/default-source/default-document-library/resources/circular-of-information-10-17.pdf?sfvrsn=7d348f7b_0
https://www.aabb.org/docs/default-source/default-document-library/resources/circular-of-information-10-17.pdf?sfvrsn=7d348f7b_0





