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Abstract
Introduction: The Israeli Defense Forces Medical Corps (IDF-
MC) implemented the use of low-titer group O whole blood 
(LTOWB) as the first-choice resuscitation fluid in the IDF air-
borne Combat Search and Rescue Unit (IDF-CSAR) for aerial 
evacuation of both military and civilian casualties in June 
2018 for injured patients with hemorrhagic shock and at 
least one of the following: systolic blood pressure <90 mm 
Hg, heart rate >130 beats/min, deterioration of conscious-
ness without head injury or hemoglobin concentration ≤7 g/
dL. Method: All casualties treated with LTOWB by IDF-CSAR 
providers from June 2018 to January 2021 were included. 
Demographic and prehospital treatment data were collect-
ed in order to check compliance and adherence to the IDF-
MC guidelines. This is a follow-up retrospective report. Re-
sults: Overall, 1,608 LTOWB units were supplied to the IDF-

CSAR during the study period. Of these, 33 were transfused 
to 27 casualties; 17 (69%) with blunt injury, 8 (29.6%) with 
penetrating injuries, and 1 (3.7%) with gastrointestinal 
bleeding without trauma. The leading cause of injury was 
motor vehicle accidents. A total of 23 casualties received 1 
unit of LTOWB, 3 received 2 units and 1 patient received 4 
units. Two casualties were children. The median heart rate 
was 120 beats/min, 8 (29.6%) casualties had heart rates >130 
beats/min. Median systolic blood pressure was 95 mm Hg, 7 
(26%) casualties had blood pressure <90 mm Hg. The medi-
an Glasgow Coma Score was 14. No adverse reactions were 
documented following the administration of LTOWB. 77.8% 
of patients received LTOWB in adherence to the guidelines. 
Conclusion: Appropriate administration of LTOWB has im-
proved over time in IDF-CSAR. Using LTOWB is feasible and 
simpler than administering packed red blood cells and plas-
ma concurrently. Further efforts are needed to introduce 
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LTOWB in other prehospital and in-hospital scenarios, with 
an increase in the maximum antibody titer threshold, to 
meet the expected increase in demand.

© 2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

Hemorrhage is the most common cause of preventable 
death in trauma and accounts for 25% of trauma deaths 
[1]. As soon as the bleeding is controlled, caregivers 
should try to restore circulating volume as quickly as pos-
sible. Early administration of blood components with 
varying ratios of packed red blood cells (PRBC) to plas-
ma/platelets showed better outcomes compared with 
crystalloid administration [2–4]. All hospitals in Israel 
use blood components when transfusions are required. 
However, in the prehospital scenario, volume resuscita-
tion with various blood components is still considered to 
be complicated, due to storage and regulatory limitations.

Information gathered in the past 2 decades indicates 
that crystalloid-based resuscitation may be harmful to ca-
sualties [5–8]. Other studies showed that administration 
of PRBC or plasma in the prehospital environment im-
proves outcomes [9–11]. Moreover, casualties who were 
infused with PRBC and plasma had higher survival rates, 
as compared to those infused with only 1 component, and 
especially compared to those casualties who received sa-
line alone [12, 13].

The Israel Defense Forces Airborne Combat Search 
and Rescue Unit (IDF-CSAR) is the only entity in Israel 
with the ability to provide blood components to casualties 
in the prehospital scenario [14]. In 2013, the Israel De-
fense Forces Medical Corps (IDF-MC) adopted freeze-
dried plasma as the primary volume resuscitation fluid 
for trauma casualties in field units [15–17]. While evi-
dence shows that the use of PRBC and plasma is benefi-
cial, the logistics in terms of the number of bags, storage 
conditions, and others are cumbersome and limiting in 
the field. Since June 2018, low-titer group O whole blood 
(LTOWB) has been the fluid of choice for resuscitating 
hemorrhagic casualties in the IDF-CSAR [18]. While re-
ports that demonstrate the safety and efficacy of prehos-
pital plasma transfusion are accumulating [13, 19–21], 
few data are available regarding using LTOWB for pre-
hospital resuscitation of trauma casualties with massive 
hemorrhage.

In this study, we reviewed the first 2.5 of LTOWB im-
plementation and treatment in the IDF-MC and estimat-
ed the IDF-CSAR’s adherence to written protocols for 
LTOWB administration and its safety when transfused to 
massively bleeding casualties.

Methods

Study Design
The IDF-MC ethical review board approved this registry-

based, retrospective study (No. 2014-1948). The manuscript was 
written and edited according to the STROBE guidelines [22]. This 
is a retrospective study that reports on our extended experience of 
transfusing LTOWB in the prehospital setting [18].

Study Population
We extracted demographic and clinical data on all casualties 

who received at least 1 unit of LTOWB, both military and non-
military, from IDF trauma registry (IDF-TR) from June 2018 to 
January 2021.

The Israel Defense Forces Trauma Registry
The IDF-TR is a registry established in 1997 to collect prehos-

pital data of injured casualties (military, civilian, or foreign) to 
whom medical teams from the IDF-MC provided care [23]. Dur-
ing the treatment, the teams fill out a casualty card. Within 24 h of 
completing treatment, the data on these cards are entered into a 
digital, web-based trauma registry by dedicated staff of the Trauma 
and Combat Medicine Branch in the IDF Surgeon General’s Head-
quarters. This was the primary registry analyzed in this study.

Variables
Demographics, point of injury, and prehospital data extracted 

from the IDF-TR included date of injury, whether the incident was 
combat related, casualty’s age and sex, urgency level, mechanisms 
of injury, injured body regions, vital signs and life-saving interven-
tions. Data regarding adverse transfusion-related complications 
were also extracted. The mechanism of injury was categorized as 
penetrating, blunt, or other. Life-saving interventions included 
tourniquet application, hemostatic packing, endotracheal intuba-
tion, cricothyroidotomy and administration of crystalloids, freeze-
dried plasma, PRBC, tranexamic acid, or anesthesia.

LTOWB Preparation, Transportation, and Storage
The LTOWB used in the Israeli whole-blood program is type 

O Rh positive collected from volunteer blood donors by the Na-
tional Magen David Adom Blood Services (MDABS).

A new protocol for titering anti-A and anti-B in group O-pos-
itive male donors was created, using automated blood group typ-
ing equipment (PK7300, Beckman-Coulter, USA), for the purpose 
of identifying and building a database of suitable LTOWB donors. 
When the program began, the critical titer of anti-A and -B for the 
LTOWB units was chosen as the equivalent of <50, as determined 
by a manual saline tube method with 5-min room temperature in-
cubation, 30-s centrifugation, and manually inspected for aggluti-
nation. This is the laboratory’s reference method.

A plasma dilution of 1:18 on the PK7300, incubated at 25°C for 
1 h with in-house produced reagent A1B red blood cells, and also 
with a mix of commercially available A1 and B cells (Immucor, 
USA), was found to be the most comparable to the reference saline 
tube method described above. The A1B cells were used in addition 
to the commercially available reagent RBCs when performing the 
titer out of an abundance of caution.

Using these methods, about 15% of 500 O-positive samples di-
luted 1:18 and tested both on the PK7300 and the reference saline 
tube method at a 1:50 dilution did not demonstrate agglutination 
with the A1B RBC. These were therefore defined as LTOWB do-
nors [24].

All whole-blood units in Israel are stored, immediately after 
collection, in butane-diol containing cooling trays (CompoCool I) 
or containers (CompoCool II, Fresnius, Germany), which lowers 
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the blood units’ temperature to 22 ± 2°C, thus allowing component 
processing within 22 h after collection [25]. Blood typing and an-
tibody titration are performed after collection. Donations identi-
fied as low titer are tagged in the MDABS computer system and 
prevented from being separated into components, thus enabling 
the creation of the LTOWB inventory.

This conservative titer threshold (<50) was initially selected to 
minimize the risk of hemolysis if administered to non-group O 
recipients. Moreover, as the AABB (formerly known as the Amer-
ican Association of Blood Banks) recommends, blood drawn only 
from male volunteers is used to lower the risk of transfusion-relat-
ed acute lung injury. As the whole blood units are collected in 
CPDA-1 (Macopharma, France), the maximum shelf life of the 
LTOWB is 35 days, when stored between 2 and 8°C. However, 
based on studies of platelet function in cold-stored whole blood, 
the maximum storage time of LTOWB, to be considered as a 
source of functional platelets, is limited to 21 days in the IDF [26].

In the IDF-CSAR unit the LTOWB units are kept in a refrig-
erator near the rescue equipment that is monitored with Wi-fi 
based monitors and alarms. Before the IDF-CSAR helicopter team 
departs on a mission, an evaluation is made whether LTOWB is 
needed. Once decided that it might be needed, the LTOWB unit is 
carried in a PELICAN CREDO CUBETM (Golden HourTM) that has 
been validated to maintain a temperature of 4°C for up to 48 h.

Whole-Blood Program in the IDF
The whole-blood program was approved by the IDF’s Surgeon 

General in May 2018. Since June 2018, when the Israeli whole-
blood program started, each IDF-CSAR helicopter carries 2–3 
units of LTOWB. When deployed, each IDF-CSAR helicopter 
team includes 2 providers trained in advanced life support, at least 
one of them is a flight surgeon, and several combat medics. During 
peacetime, the unit provides on-scene support for military medical 
providers, civilian emergency medical services (EMS), and inter-
hospital patient transfers.

Indications for prehospital blood transfusion made according 
to the IDF-MC clinical practice guidelines regarding remote dam-
age control resuscitation, which permit volume resuscitation, in-
cluding blood, for casualties with at least 1 sign of profound hem-
orrhagic shock (Table 1). These guidelines have not changed since 
the LTOWB program started. We compared the casualties’ vari-
ables to the clinical practice guidelines, in order to determine 
whether LTOWB was administered with adherence to guidelines.

Results

MDA Blood Services – Lessons Learned at the 
National Blood Center
From June 2018 to January 2021, MDABS screened 

29,269 type O Rh-positive blood donors and found 3,171 

(10.8%) donors with antibody titers <50. MDABS issued 
3,040 LTOWB units for medical organization utilization. 
Of these, 1,771 (58.2%) units were issued as LTOWB, 
1,608 to the IDF-CSAR and 163 to Yoseftal Medical Cen-
ter, a civilian hospital. The combined utilization rate of 
LTOWB by IDF-CSAR and Yoseftal Medical Center was 
2.4%, and 43 LTOWB units were transfused as such: 33 
by IDF and 10 at the civilian hospital. The remaining 
1,269 (41.8%) LTOWB units, that were not issued, were 
manufactured by MDABS into PRBC units that were sup-
plied to hospital blood banks nationwide.

Disposition of Unused Units in the IDF-CSAR
LTOWB units that are issued to the IDF-CSAR but are 

not used by day 21 are not returned to the blood center 
for the production of RBC units. These unused units are 
discarded. In total, as mentioned above, 1,608 LTOWB 
units have been issued to the IDF-CSAR and 33 have been 
transfused to patients by day 21 for a utilization rate of 
2%.

Patient Demographics and Injury Characteristics
During the study period, 27 casualties received 33 

units of LTOWB. Most of the casualties were male (n = 
22, 81.5%). Two (7.8%) children received LTOWB. The 
median age was 29 years (2–69), as shown in Table  2. 
Eight of these patients have been previously reported in a 
report of the Trauma and Combat Medicine Branch [18].

The injury mechanism was classified as blunt in 17 
(69%) casualties, penetrating in 8 (29.6%) and other in 1 
(3.4%). Blunt injuries were mostly due to motor vehicle 

Table 1. Indications for administration of low-titer group O whole 
blood by IDF-MC guidelines (at least 1 criterion)

1. Systolic blood pressure <90 mm Hg (or undetectable radial 
pulse)
2. Heart rate >130 beats/min
3. Deterioration of consciousness without head injury
4. Hemoglobin ≤7 g%

Table 2. Demographics and injury characteristics of the LTOWB 
recipients in this study

Variable Overall (n = 27)

Age (median, IQR), years 29.0 (2, 69) [6]
Children (<8 years old), n (%) 2 (7.4)
Gender, n (%)

Female 5 (18.5)
Male 22 (81.5)

Cause of injury, n (%)
Motor vehicle accident 16 (59.3)
Gunshot wound 4 (14.8)
Fall 3 (11.1)
Explosion 2 (7.4)
Helicopter crash 1(3.7)
Gastrointestinal bleeding 1(3.7)

Mechanism of injury, n (%)
Blunt 17 (69) [1]
Penetrating 8 (29.6)
Other 1 (3.7)

Missing data are reported in square brackets.
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accidents or falls, and penetrating injuries were caused by 
gunshots or bomb explosions (Table 2).

The median initial heart rate was 120 beats/min (IQR 
30–180). In 8 (29.6%) casualties the initial heart rate was 
above 130 beats/min (Table 3). The initial median sys-
tolic blood pressure was 95 mm Hg (IQR 54–130); it was 
below 90 mm Hg in 7 (25.9%) casualties. Data regarding 
the subsequent BP measurements were missing in 12 cas-
es (44.4%). The median initial GCS was 14 (IQR 3–15).

Prehospital Life-Saving Interventions
Table 3 summarizes the life-saving interventions uti-

lized at the point of injury and during enroute care. Elev-
en (40.7%) casualties, including 2 children, received few-
er than 1 full unit of LTOWB during transportation to the 
hospital, 12 (44.4%) casualties received 1 full unit, 3 
(11.1%) received 2 units. In 1 (3.4%) case involving trans-
fer from a rural hospital to a level I medical facility, the 
patient received 4 units. 19/27 (70.4%) casualties received 
tranexamic acid. No adverse reactions were documented 
among LTOWB recipients, including clinical evidence 
for hemolytic transfusion reactions.

Compliance to IDF-MC Clinical Practice Guidelines
The IDF clinical practice guidelines state that resusci-

tation should only be administered in hemorrhagic shock, 
according to the indications described in Table 1. Com-
paring variables of each case to the clinical practice guide-
lines showed that IDF-CSAR’s caregivers were in compli-
ance in 21 (77.8%) cases.

Discussion

LTOWB has been given by the IDF-CSAR unit since 
June 2018, as the resuscitation fluid of choice for hemor-
rhagic shock in the prehospital setting. By January 2021, 
27 casualties had been transfused with LTOWB. Of these, 
22.2% received treatment outside of the clinical practice 
guidelines, compared to our previous report, after the 
first year of LTOWB use, where 37.5% were inappropri-
ately transfused [18]. Therefore, IDF-CSAR caregivers’ 
adherence to the IDF-MC clinical practice guidelines has 
improved, most probably due to the efforts to ensure that 
LTOWB transfusion is implemented appropriately. How-

Variable Median (IQR) Missing data

Initial heart rate (range), beats/min 120 (38, 180) 1
Initial heart rate >130 beats/min, n (%) 8 (29.6)
Change in heart rate (range), beats/min 4.5 (−63, +59) 3
Initial systolic blood pressure (range), mm Hg 95 (54, 130) 6
Initial systolic blood pressure <90 mm Hg, n (%) 7 (25.9)
Change in systolic blood pressure (range), mm Hg −11 (−81, +73) 12
Initial GCS (range) 14 (3, 15)
Change in GCS (range) −1 (−12, +12) 10
Whole blood units administered, n (%)

<1 11 (40.7)
1 12 (44.4)
2 3 (11.1)
>2 1 (3.8)

Pain control administered (morphine/ketamine), n (%)
Yes 16 (59.3)
No 11 (40.7)

Tranexamic acid administered, n (%)
Yes 19 (70.4)
No 8 (29.6)

Other fluid administered by IDF-CSAR (FDP/Hartman’s), n (%)
Yes 14 (82.3)
No 3 (17.7)

Airway management, n (%)
Positive pressure ventilation (w/mask) 5 (18.5)
Supraglottic device (LMA) 1 (3.7)
Endotracheal tube 4 (14.8)
No airway management 17 (63)

GCS, Glasgow Coma Scale; FDP, freeze-dried plasma; IDF-CSAR, Israeli Defense Forces 
Airborne Combat Search and Rescue Unit; LMA, laryngeal mask airway. Change in heart 
rate/systolic blood pressure/GCS, the average change in the parameter from the first 
documented measurement to the last (around the hospital arrival).

Table 3. Vital signs and life-saving 
interventions
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ever, further education is required to improve and achieve 
full compliance.

The absence of hemolytic reactions is attributed to the 
very low titer threshold for anti-A and -B (<50). The small 
number of cases treated by the IDF-CSAR with LTOWB 
makes it impossible to make a clear conclusion regarding 
the safety of LTOWB administration. However, our re-
sults are in accord with other articles that demonstrate the 
safety of LTOWB [27, 28]. Based on the accumulating 
data from the practices in other countries and our experi-
ence, MDABS is considering instituting a more permis-
sive antibody titer threshold of <100, which will enable 
the blood center to more easily meet the increasing de-
mand for LTOWB from both the pre- and in-hospital sys-
tems. This increased demand is largely based on a recent 
decision of the Israeli Trauma and Acute Care Surgery 
Council, that requires incorporating LTOWB in the mas-
sive hemorrhage protocols of small and remote hospitals, 
mostly for those who do not keep either pooled or single 
donor platelets in their inventories due to logistic and fi-
nancial considerations. In addition, the use of LTOWB in 
emergency departments or trauma bays will be decided 
by trauma and transfusion medicine specialists in each 
hospital, and demand is expected to increase.

We documented 27 causalties who were treated with 
LTOWB during the observation period, which is a rela-
tively small fraction of the total of 2,637 hemorrhagic 
shock patients treated in Israel between 2018 and 2020. 
Most of these injured patients were treated by local para-
medics who do not yet have access to LTOWB.

The main limitation of this study is the small number of 
LTOWB recipients. We intend to collect additional infor-
mation regarding LTOWB administration in the prehospi-
tal setting and the outcomes of those casualties. Second, al-
though IDF-CSAR is a military unit, most of the recent cas-
es that have occurred in times of peace are civilian casualties. 
Yet, LTOWB should be applicable in military scenarios by 
IDF-CSAR in the same manner. However, since the major 
use of LTOWB has been mainly for civilian casualties, and 
since IDF-CSAR treats only a small fraction of the total ci-
vilian casualties, we assume that the utilization reported 
herein can inform and promote its use in civilian EMS that 
have not yet implemented an LTOWB program.

Another limitation of this work is that due to the na-
ture of the database maintained by the IDF-CSAR, the 
registry includes only prehospital data, which explains 
why some patients appeared to receive only a partial unit 
of LTOWB. The transfusion of these units was completed 
once the patient arrived at the hospital. Furthermore, 
caregivers are given some leeway in deciding when to ini-
tiate a transfusion based on their clinical judgment, and 
this is not captured in the registry [14]. Therefore, we can-
not explain all of the deviations from the LTOWB admin-
istration protocol.

One additional limitation to consider is the fact that 
the registry does not contain the recipient’s blood group 
as this is determined once the patient arrives at the hos-
pital. This is an important limitation in determining the 
serological safety of administering LTOWB to non-group 
O recipients; however, other reports have detailed its safe-
ty in adult and pediatric civilian patients [29–33], and no 
adverse events or clinical evidence of hemolysis were de-
tected amongst the recipients in the current report.

Whole blood is widely considered as the optimal resus-
citation fluid in hemorrhagic shock, with a substantial lo-
gistical advantage over separated PRBC and platelets in 
prehospital settings. Currently, whole blood provides the 
only feasible means of administering platelets in the pre-
hospital setting. When compared to the common in-hos-
pital practice of administration of blood components sep-
arately, LTOWB provides all blood components in a sin-
gle bag, through a single intravenous line, thus shortening 
the time to transfusion of each individual component. 
Additionally, storage is simpler and transfusion itself re-
quires fewer health care personnel, and balanced resusci-
tation can be administered quickly.

Since using LTOWB is safe and relatively simple, having 
it available in other prehospital platforms such as civilian 
ambulances should be considered. The Southwest Texas 
Regional Advisory Council’s Regional Whole-Blood Pro-
gram is particularly well described, where LTOWB units 
are placed in 30 end-point stations (helicopter EMS bases 
and ground EMS agencies) for 14 days, after which they are 
shipped to medical centers for another 3 weeks to reduce 
wastage (total of 35 days until the blood unit expires). After 
administration of 450 blood units, there were no prehospi-
tal complications documented, and the wastage (expiry) 
rate of blood units was 1–2% [34, 35]. In Israel, we are lim-
ited in this context in that only physicians are authorized 
to approve blood component administration, whereas 
most caregivers in Israeli EMS systems are paramedics. 
Moreover, as stated, to preserve platelet function, our 
LTOWB units as such expire after 21 days.

Implementing LTOWB treatment as the resuscitation 
fluid of choice is still evolving in the IDF-CSAR. This re-
ported a decrease in the number of cases where LTOWB 
was administered inappropriately without adherence to 
the IDF-MC guidelines compared to the first report of 
LTOWB use in the IDF-CSAR. Additional steps can be 
taken to improve the guidance and training of the teams. 
Furthermore, IDF-CSAR’s early experience with LTOWB 
is promising, and expansion of the LTOWB program to 
other prehospital medical teams should be considered. 
We hope that, as has been the case of advanced tourni-
quets, freeze-dried plasma and other life-saving interven-
tions, the experience learned by IDF-MC will lead to em-
brace LTOWB treatment by other civilian emergency 
care organizations.
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