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Severe out-of-hospital hemorrhagic shock: experience
of the first helicopter emergency medical service
equipped for transfusions in Andalusia
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BACKGROUND. Early transfusion of packed red blood cells (PRBCs) could improve survival rates in hemorrhagic shock, but more
evidence of safety and efficacy in prehospital settings is needed.

OBJECTIVE. To describe the experience of Andalusia's first helicopter emergency medical service (HEMS) equipped to give
prehospital transfusions to patients with hemorrhagic shock.

MATERIAL AND METHODS. Retrospective observational study of 13 cases in which patients were transfused with type-O PRBCs
during transport by the HEMS sent from the 061 emergency dispatchers of Malaga, Spain, between March 2022 and March 2024.
We analyzed demographic and clinical variables, including severity scale assessments and mortality.

RESULTS. The mean patient age was 43 years, and 92.3% were men. The majority of injuries (69.2%) occurred during traffic
accidents. Most patients had severe hemorrhagic shock (initial shock index, 1.56) secondary to multiple injuries involving the thorax,
abdomen, and head. A median (interquartile range) of 1 unit (1-2 units) of type-O PRBCs was transfused before arrival at the
hospital in each case. The shock index improved significantly to 1.02 (P = .0027) after prehospital transfusion, and no adverse events
were registered. Overall mortality was 46.1%. The only significantly different variable between survivors and nonsurvivors was the
trauma score (P = .0143). All the unused units of type-O PRBCs were reintroduced into the care circuit by the attending hospital.

CONCLUSIONS. Early prehospital transfusion of type-O PRBCs in patients in hemorrhagic shock due to severe trauma seems to be
safe and potentially effective for initially stabilizing the patient and improving physiological parameters. More studies in larger
cohorts are needed to confirm these preliminary findings.

[Ceywords: Hemorrhagic shock. Out-of-hospital/prehospital transfusion. Hemodynamic response. Survival. Safety. Helicopter
emergency medical service. Wounds and injuries.

Transfusion extrahospitalaria en el shock hemorragico grave: experiencia inicial
del primer helicéptero medicalizado con capacidad transfusional de Andalucia

INTRODUCCION. La transfusion precoz de concentrados de hematies (CH) podria mejorar la supervivencia en shock hemorragico,
pero se requiere mas evidencia sobre su seguridad y eficacia en el dmbito extrahospitalario.

OBJETIVO. Describir la experiencia inicial con la transfusion extrahospitalaria de CH en pacientes con shock hemorragico severo
secundario a traumatismo, atendidos por el primer helicéptero medicalizado andaluz con capacidad transfusional.

MATERIAL Y METODOS. Estudio observacional retrospectivo de pacientes transfundidos con concentrados de hematies 0- (CHO-)
por el helicoptero medicalizado 061 de Malaga (HELMA) del Centro de Emergencias Sanitarias 061 (CES-061) de Andalucia, entre
marzo de 2022 y marzo de 2024. Se registraron variables demogréficas, clinicas, escalas de gravedad -Indice de shock (IS), Trauma
Score y Assessment of Blood Consumption (ABC)- y mortalidad global.

RESULTADOS. Se registraron 13 casos, con una media de 43 afios y un 92,3% varones. El mecanismo lesional predominante fueron los
accidentes de tréfico (69,2%), presentando shock hemorragico grave (IS inicial 1,56) secundario a politraumatismos con afectacion tora-
coabdominal y traumatismo craneoencefélico. Se transfundié una mediana de 1 CHO- (RIC 1-2). Hubo una mejoria significativa del IS
tras la transfusion prehospitalaria (IS 1,02 al ingreso hospitalario; p = 0,0027). No se registraron reacciones adversas postransfusionales.
La mortalidad global fue del 46,1%. El Trauma score corregido fue significativamente menor en pacientes fallecidos (p = 0,0143). El
100% de los CHO- no transfundidos por HELMA fueron reintroducidos en el circuito asistencial hospitalario.

CONCLUSIONES. La transfusion precoz de CHO- en el dmbito extrahospitalario en pacientes con shock hemorragico secundario a
traumatismo grave es segura y potencialmente efectiva para la estabilizacion inicial, mejorando los parametros fisiolégicos. Se re-
quieren estudios con mayor tamafio muestral para confirmar estos hallazgos preliminares.

Palabras clave: Shock hemorragico. Transfusion extrahospitalaria/prehospitalaria. Respuesta hemodinamica. Supervivencia. Seguri-
dad transfusional. Helicoptero medicalizado. Trauma.
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Severe hemorrhagic shock due to trauma or exsan-
guinating hemorrhage is a life-threatening emergency that
requires urgent interventions to restore blood volume, tis-
sue oxygenation, hemodynamic stability, and to address
potentially reversible causes of death.! Coagulopathy asso-
ciated with massive hemorrhage is the main cause of multi-
ple organ failure and death, which is potentially preventa-
ble if diagnosed and treated early.? It is estimated that
nearly half of patients die before reaching the hospital,®
making prehospital care crucial for the early identification
and appropriate management of blood loss.**

In this context, it is a priority to control the source of
bleeding via use of tourniquets or direct pressure, as well
as to replace lost volume. Several studies have demon-
strated higher mortality associated with aggressive infusion
of crystalloids compared to early transfusion of blood com-
ponents.®®

Current evidence indicates that early replacement of
red blood cells (RBCs) and coagulation factors may signifi-
cantly improve survival in cases of hemorrhagic shock.’*
Deeb et al.,, in a randomized controlled trial, concluded
that prehospital administration of packed RBC concen-
trates (PRBCs) and tranexamic acid was associated with re-
duced 30-day mortality, while the use of PRBCs alone was
linked to decreased early mortality.® Other studies by Lyon
et al., Holcomb et al., and Rehn et al. found that patients
receiving prehospital RBC transfusions were significantly
less likely to require in-hospital transfusions and that ad-
ministration of this blood component in the prehospital
setting was associated with greater survival upon hospital
arrival.”'" However, recent clinical trials have yielded incon-
clusive results regarding optimal selection criteria for pa-
tients eligible for prehospital transfusion.'? More studies
are therefore needed to confirm its long-term efficacy and
to identify individualized administration criteria.®'?

Despite this ongoing controversy, an increasing num-
ber of emergency systems are incorporating prehospital
transfusion protocols for selected cases of massive hemor-
rhage, particularly when hospital transport times are pro-
longed.""” Medical helicopters (HEMS) represent the ideal
option due to their coverage and rapid response capabili-
ty.

Following this trend, in 2021, the TREX project was
created through collaboration between the Emergency
Medical Services 061 (CES-061) of Andalusia and the An-
dalusian Network of Transfusion Medicine, establishing the
Mélaga HEMS unit as the first prehospital resource in An-
dalusia with transfusion capability. This unit began adminis-
tering group O Rh-negative packed red blood cells (O,
PRBCs) in the spring of 2022. Currently, efforts are under-
way to equip the remaining four HEMS units in Andalusia
with the same transfusion capacity.

Endpoints

The primary endpoint of this study was to describe the
clinical and outcome characteristics of patients who re-
ceived prehospital O, PRBC transfusion for severe hemor-
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rhagic shock in Andalusia to provide data to optimize pro-
tocols and patient selection.

Secondary endpoints:

- To evaluate the early hemodynamic response to
transfusion as an indirect marker of procedure effectiveness
and safety.

- To estimate in-hospital survival following prehospital
O, PRBC transfusion.

- To identify potential complications associated with
prehospital blood transfusion.

Study design

We conducted a retrospective, observational, descrip-
tive case series of patients requiring prehospital O, pRBC
transfusion provided by the Malaga HEMS between March
2022 and March 2024.

Study population

All patients treated by HEMS Malaga 061 (HELMAQé1)
who received prehospital O, pRBC transfusion for massive
hemorrhage secondary to major trauma, aortic aneurysm,
gastrointestinal hemorrhage, or obstetric bleeding were in-
cluded.

Inclusion criteria: Patients with clinical and anatomical
evidence of active severe bleeding, defined by:

— Shock Index (Sl) > 0.9,'® associated with anatomical
findings indicative of massive hemorrhage, including visible
profuse bleeding or other signs of exsanguination.

- "Assessment of Blood Consumption” (ABC) score
> 2 points.” The ABC score predicts the need for massive
blood transfusion in trauma patients based on objective
clinical criteria: systolic blood pressure (SBP) > 90 mmHg,
heart rate (HR) < 120 bpm, penetrating trauma, and posi-
tive FAST ultrasound. The total score correlates with the
likelihood of requiring massive transfusion, providing a use-
ful tool for rapid decision-making in emergencies

Additionally, for patients without clear evidence of ex-
sanguinating hemorrhage, persistent shock (SI > 0.9) after
receiving up to 1,000 mL of 0.9% normal saline at body
temperature was required before proceeding with transfu-
sion.

Variables analyzed

The following variables were analyzed: age, sex, initial
S| prior to transfusion, S| after transfusion, ABC predictive
transfusion scale, blood test data (pH, calcium,® lactate,”
hemoglobin, and hematocrit), severity scales (Modified
Trauma Score, Glasgow Coma Scale), continuation of trans-
fusion in the hospital, transfusion reaction, injury mecha-
nism, diagnosis, and in-hospital survival.

Prehospital transfusion procedure

The Malaga 061 HEMS covers a region with approxi-
mately 2 million inhabitants, encompassing the entire prov-
ince of Méalaga and the western quadrant of Granada. It
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Assessment of Blood Consumption (ABC) scale
for evaluating the need for massive transfusion in trauma
patients.

carries 2 units of O, PRBCs stored in a passive portable
cooler with continuous temperature monitoring, housed
within a dedicated storage refrigerator . Upon ac-
tivation, the team transfers the cooler to the helicopter be-
fore deployment. The transport cooler maintains a constant
internal temperature between 2 °C and 6 °C. All O, PRBCs
are supplied by the Centro de Transfusiones, Tejidos y Cé-
lulas (CTTC) (Malaga, Spain), without low-titer anti-A or an-
ti-B testing, and are reverified upon arrival at the HEMS
base.

This prehospital transfusion process follows a protocol
jointly developed by the 061 Emergency Service and the
Andalusian Transfusion Medicine Network, ensuring com-
pliance with quality standards and current regulations.??
Implementation required 2 stages: Validation: The CTTC
Malaga provided blood solely for storage and transport
testing, performing subsequent quality control and tem-
perature certification, including contingency planning for
power outages. Health Authorization: Granted by a medi-
cal inspector from the Andalusian Regional Ministry of
Health, following an audit of agreements, documentation,
staff training, and all transfusion process phases.

The protocol includes storage, preservation, and trans-
port procedures, with input/output and temperature logs,
administration guidelines (emphasizing predictive transfu-
sion scales and checklists), traceability via Gricode wrist-
bands, delivery of pretransfusion documentation to the
designated hospital transfusion service, and replacement
of units before expiration, ensuring the reintegration of un-
used O, PRBCs into the hospital circuit to avoid blood
wastage.

Before transfusion, 1 g of tranexamic acid is adminis-
tered,?® and blood units are warmed using a validated
portable heater (Belmont Buddy Lite). Routine measures to
prevent hypothermia and activation of the Trauma Code
are also performed. For the statistical analysis, SPSS soft-
ware version 24.0 for Windows (SPSS Inc., Chicago, USA)
was used. Qualitative variables were described using fre-
quencies and percentages, and quantitative variables with
the median and interquartile range. The analysis of qualita-
tive variables was performed using the chi-square test or
Fisher's exact test, as appropriate, and that of quantitative
variables using the Mann-Whitney U test. Differences were
considered statistically significant when the P-value was
less than .05.

www.reue.org

Passive transport cooler with six +4 °C cold stabi-
lizers, monitored by a Data Logger with probe, positioned
between both O, PRBCs.

A total of 13 cases were analyzed, with a median age
of 43 years (IQR, 22-80); most patients were male (n = 12;
92.3%). No post-transfusion adverse reactions were record-
ed .

The main mechanism of injury was traffic accidents
(n=9; 69.2%), including vehicle collisions, pedestrian im-
pacts, and rollovers requiring extrication maneuvers in sev-
eral cases.

The ABC score for most patients (n = 8; 61.5%) was 2
or 3, indicating a moderate risk of massive transfusion,
while 4 patients (30.8%) were classified as high risk
(ABC = 4).

All patients received fluid therapy with normal saline
and RBC transfusion. A median of 1 RBC unit (IQR, 1-2)
was transfused in the prehospital setting.

Physiological and severity parameters upon hospital
admission reflected effective initial control of hemorrhagic
shock, with adequate tissue perfusion in all cases. The
mean initial SI was 1.56, decreasing to 1.02 upon hospital
arrival, demonstrating effective early shock management

. Comparison of Sl values before and after pre-
hospital transfusion showed a significant reduction
(P =.002).

Of the 13 cases, 7 patients (53.9%) survived and were
discharged from the hospital. Among the 6 deaths, four
occurred during the early phase of care (at the scene, in
the hospital critical care bay, or within the first 24 hours).

Comparative analysis between deceased and surviving
patients revealed notable differences in several demo-
graphic and clinical variables . The deceased pa-
tients were older and had a lower corrected Trauma Score
vs survivors, suggesting greater initial severity. In addition,
the Glasgow Coma Scale (GCS) scores were higher among
survivors. Although the initial SI was similar in both groups,
a greater reduction was observed after pRBC transfusion
in survivors . No differences were found in the
ABC score across groups.

Only the corrected Trauma Score showed a statistically
significant difference (U = 33, P=.0143), with mean values
of 9.57 in survivors vs 5.00 in deceased patients
Age, although notably higher in the deceased group (56
years) vs survivors (38.57 years), did not reach statistical
significance (U = 10.50, P = .1526). The ABC score, initial
and hospital SI, SI improvement rate, and GCS did not
show significant differences. These data underscore the
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No pretransfusion bloodwork was per-

Impact of transfusion on Shock Index (SI) values
formed, and there was a delay in the replenishment of

at baseline and upon hospital arrival.
During the implementation of the prehospital transfu-

sion program, several operational improvement points
were identified, leading to the following modifications:

mortality in this cohort and suggest that the other varia-
- Case 1:

bles, although showing observable trends, lack the same
discriminative power for survival outcomes in this specific

importance of the corrected Trauma Score as a predictor of
context.

RBC units at the Malaga CTTC, temporarily limiting heli-
copter availability. To optimize this process, transfusion
center contact information was added to the operational
checklist, enabling the team to report RBC use and request
replacements more efficiently.

- Case 3: The patient had neurogenic shock, not hem-
orrhagic, and therefore probably did not require transfu-
sion. However, the patient met criteria for early transfusion
therapy due to hemodynamic instability and severe injury

- Case 4: The first O, PRBC unit was transfused while
entering the hospital critical care bay, leaving the second
unit in the helicopter. This caused a delay in in-hospital
transfusion continuity because new blood had not yet ar-

rived from the blood bank. To ensure continuity of care,
the protocol was modified so that any unused second O,

mechanism,'8.19.24-26

- Case 5: A failure to replace PRBC units occurred af-
ter their use in another transfusion the previous day. As a
— Case 10: The helicopter acted as a mobile blood
bank, transporting blood products requested by a ground

result, logistics were updated to ensure replenishment im-
emergency unit of CES-061 attending the same incident.

unit is left in the critical care bay.
mediately after each transfusion.

The implementation of early PRBC transfusion in pre-

hospital settings for patients with hypovolemic shock sec-
ondary to major trauma represents a significant logistical
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Comparison of clinical parameters in patients with hemorrhagic shock who received prehospital transfusion: sur-

vivors vs deceased.

and clinical challenge, yet it is crucial for initial manage-
ment of these emergencies. The results of this series
demonstrate the feasibility and potential benefit of this in-
tervention, with no associated post-transfusion adverse re-
actions, highlighting its safety in prehospital conditions. In
Spain, there is currently no formal regulation for prehospi-
tal transfusions in emergencies, only certain recommenda-
tions for planned home transfusions,? which equires the
development of specific agreements and protocols be-
tween prehospital emergency services and regional health
authorities, resulting in some variability among regions.
The main limitation of this descriptive study is its small
sample size. Nevertheless, the findings are consistent with
those published by other HEMS services with greater ex-

Mufioz-Alvarez E, et al. Rev Esp Urg Emerg. 2024;3:163-171

perience.”??27 This study contributes a real-world Spanish
perspective on the effectiveness of early PRBC transfusion
in prehospital emergency settings for trauma-induced hy-
povolemic shock. Despite its limitations, the data are valu-
able for identifying areas for improvement in prehospital
critical care, although generalization awaits larger, multi-
center studies.

The predominance of young male patients, with a me-
dian age of 43 years, reflects known epidemiological pat-
terns of severe trauma, typically associated with traffic acci-
dents. This demographic profile underscores the
importance of rapid, efficient response systems to mitigate
the impact of traumatic injuries in this population, which
carries high morbidity and mortality.
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Shock Index dynamics during initial assessment

and upon hospital arrival after prehospital transfusion:
comparison between survivors and deceased patients.
The tigure shows the distribution of Shock Index (SI) values during
the initial on-site assessment and upon hospital arrival following
prehospital transfusion of packed red blood cells, comparing survi-
ving (green) and deceased (red) patients. The box plots display
the median, quartiles, and outliers (indicated as dots beyond the
whiskers), providing a visual interpretation of the data spread and
central tendency.

The corrected Trauma Score emerged as a significant
predictor of mortality, distinguishing survivors from non-sur-
vivors where other clinical or demographic variables did
not reach statistical significance. The significantly higher
corrected Trauma Scores among survivors reinforce its pre-
dictive value and emphasize the importance of aggressive
management in patients with low scores. This finding sup-
ports the use of clinical assessment tools to guide thera-
peutic decisions in prehospital care. Nonetheless, the de-
velopment and validation of more robust predictive models
integrating multiple variables could enhance risk stratifica-
tion and personalized management in these critical scenari-
0s.

The efficacy of early transfusion is suggested by the
improvement in physiological and severity parameters, par-
ticularly the significant reduction in SI from the scene to
hospital arrival. This early improvement is essential, as it
establishes a bridge toward definitive stabilization and sur-
gical management at the hospital, thereby reducing mor-
tality and improving long-term outcomes. However, the
46.1% mortality rate in this series highlights the severity of
trauma-related hypovolemic shock and the need for ongo-
ing refinement of clinical management strategies.

The absence of post-transfusion adverse reactions is
encouraging, indicating that early RBC transfusion in pre-
hospital emergency conditions is safe. Continuous monitor-
ing and systematic data collection on the safety and out-

www.reue.org

Compearison of parameters and evaluation of results between
surviving and deceased patients

Survivors Deceased  Mann-Whitney U
Mean Standard Standard U Pyalue
deviation deviation Statistic
Age (years) 3857 1611 56.00 20.66 10.50 .1526
ABC score 3.29 0.76 2.60 0.89 25.50 .1980
Initial IS 1.43 0.37 1.71 0.54 10.00 .4102
Hospital IS 0.90 0.15 1.21 0.34 500 .1645
Increase rate IS (%) 29.64 2074 1938 1819  30.00 .2221
Corrected Trauma Score ~ 9.57 1.90 5.00 2.45 33.00 .0143
Glasgow Coma Scale 871 48 467 408 3200 .1030
Transfused bags 171 049 150 055 2550 .4990

ABC: Assessment of Blood Consumption; IS: Shock Index.

comes of these interventions are essential to confirm these
preliminary findings and to support their inclusion in clini-
cal practice guidelines.

The operational observations and adjustments identi-
fied during implementation reflect a process of continuous
learning and adaptation necessary to optimize prehospital
emergency care. From PRBC replenishment logistics to co-
ordination with transfusion centers and ensuring in-hospital
care continuity, every detail must be meticulously managed
to maximize the effectiveness of this life-saving interven-
tion.

Currently, there is a growing trend toward the use of
whole blood as the primary component for managing ex-
sanguinating hemorrhage, associated with lower mortality
rates.’*%2 The lack of whole blood use in our referral hospi-
tals precludes its incorporation into the prehospital transfu-
sion program, as unused units nearing expiration could not
be reintroduced into hospital circulation, resulting in blood
product loss. Joint hospital-prehospital programs are re-
quired to implement this approach—an initiative that is al-
ready underway in several neighboring countries.?*3*

In conclusion, our experience with early prehospital O,
PRBC transfusion demonstrates that, despite logistical and
operational challenges, this can be a safe and potentially
effective strategy—when based on a well-defined pro-
cess—to improve survival in patients with trauma-induced
hypovolemic shock. It also underscores the need for fur-
ther research to overcome the limitations of small sample
size and to deepen understanding of factors influencing fa-
tal outcomes in these critically ill patients.

A multidisciplinary approach involving close collabora-
tion among emergency, transfusion, and hospital services is
essential to optimize outcomes. Future research should aim
to expand the evidence base on the efficacy of this inter
vention, ideally through prospective, multicenter studies,
to validate and refine clinical practice guidelines for this
critical aspect of emergency medicine.
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