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ABSTRACT

Introduction Major haemorrhage after injury is

the leading cause of preventable death for trauma
patients. Recent advancements in trauma care suggest
damage control resuscitation (DCR) should start in

the prehospital phase following major trauma. In Italy,
Helicopter Emergency Medical Services (HEMS) assist
the most complex injuries and deliver the most advanced
interventions including DCR. The effect size of DCR
delivered prehospitally on survival remains however
unclear.

Methods and analysis This is an investigator-initiated,
large, national, prospective, observational cohort study
aiming to recruit >500 patients in haemorrhagic shock
after major trauma. We aim at describing the current
practice of hypotensive trauma management as well as
propose the creation of a national registry of patients with
haemorrhagic shock. Primary objective: the exploration

of the effect size of the variation in clinical practice on
the mortality of hypotensive trauma patients. The primary
outcome measure will be 24 hours, 7-day and 30-day
mortality. Secondary outcomes include: association of
prehospital factors and survival from injury to hospital
admission, hospital length of stay, prehospital and
in-hospital complications, hospital outcomes; use of
prehospital ultrasound; association of prehospital factors
and volume of first 24-hours blood product administration
and evaluation of the prevalence of use, appropriateness,
haemodynamic, metabolic and effects on mortality of
prehospital blood transfusions. Inclusion criteria: age >18
years, traumatic injury attended by a HEMS team including
a physician, a systolic blood pressure <90 mm Hg or
weak/absent radial pulse and a confirmed or clinically
likely diagnosis of major haemorrhage. Prehospital and
in-hospital variables will be collected to include key times,
clinical findings, examinations and interventions. Patients
will be followed-up until day 30 from admission. The
Glasgow Outcome Scale Extended will be collected at 30
days from admission.

Ethics and dissemination The study has been approved
by the Ethics committee ‘Comitato Etico di Area Vasta
Emilia Centro’. Data will be disseminated to the scientific
community by abstracts submitted to international

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The main strength of this study relies on its inclu-
sive approach, aiming at recruiting a large number
of patients from any region in the country. This will
provide a detailed description of patient characteris-
tics, management and their association with clinical
outcomes.

= The primary endpoint is to describe the current clin-
ical practice and assess the effectiveness of current
practice on patients’ 30 days mortality.

= Due to the observational nature of this study, we will
not be able to strongly confirm the causal effects
between prehospital damage control resuscitation
and outcomes. This work will serve as a founding
basis to design future targeted randomised control
trials.

conferences and by original articles submitted to peer-
reviewed journals.
Trial registration number NCT04760977.

INTRODUCTION

Background and rationale

Major haemorrhage after injury is a global
health burden and remains the leading cause
of immediate and early preventable death
for trauma patients.' Traumatic bleeding
has challenged civilian and military health
systems for many years with extremely high
mortality rates.” Over the past decade, trauma
resuscitation practice has changed from
large-volume fluid replacement targeting
perfusion to ‘damage control resuscitation’
that prioritises early correction of coagula-
tion abnormalities.””

Damage control resuscitation (DCR) was
introduced in 2007 after the earlier discovery
of acute traumatic coagulopathy, aiming
to protect the ability of the patient’s blood
to form a clot during the acute bleeding
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episode.® While previous transfusion protocols were
focused on correcting coagulation deficiencies after a
massive red blood cell (RBC) and crystalloid transfusion
volume, in contrast, prevention of coagulopathy is the
priority in the new major haemorrhage protocols. The
principles of the DCR are early haemorrhage control,
permissive hypotension, prevention of dilutional coag-
ulopathy and the identification and rapid treatment of
any trauma-induced coagulopathy. Thus, evolutions in
trauma care were the introduction of balanced resusci-
tation with blood products (plasma, RBC, platelets or,
if available, even whole blood),9 early administration of
tranexamic acid for the treatment of hyperfibrinolysis,"”
correction of coagulopathy with targeted administration
of clotting factors (based on point-of-care clotting diag-
nostics as thromboelastometry) and early transfusion
strategies that brought blood products into the prehos-
pital phase.'"™" Improved survival from such strategies has
been reported in both military and civilian settings.'®"
Projection of blood products into the prehospital phase
of trauma care is intuitively attractive as it reduces time-to-
transfusion and improves prehospital survival. However,
the use of Pre-Hospital Blood Products (PHBP) is both
logistically challenging and resource-intensive and is
not without risk. Effective delivery may require signifi-
cant performance improvement in prehospital services.
Moreover, a substantial benefit on long-term mortality is
not yet clear.”” The recently published Resuscitation with
pre-hospital blood products (RePHILL) study investi-
gated whether packed RBCs and lyophilised plasma was
superior to normal saline for improving tissue perfusion
and reducing mortality in trauma-related haemorrhagic
shock.”! The trial was terminated early due to difficult
recruitment during the COVID-19 pandemic and failed
to find any difference in the composite outcome (episode
mortality and/or failure to clear lactates) between the
two treatment arms. The study however presents several
complexities such as the inclusion of a broad population
of shocked but not necessarily anaemic trauma patients
and the use of a composite outcome of episode mortality
and/or lactate clearance (two instances that might not
be additive per se). Therefore, the results of this trial are
difficult to translate to the broad spectrum of trauma-
related haemorrhages, particularly in exsanguinating
trauma patients.

Experts in the field have called for prospective studies
to improve the knowledge on prehospital trauma resus-
citation and, in particular, the role and effects of prehos-
pital damage control resuscitation strategies as per the
early administration of blood products.'”” *** Recently
the Italian National Institute for Health (Istituto Supe-
riore di Sanita) published national trauma guidelines
suggesting that prehospital blood transfusion should be
considered in bleeding trauma patients.*

In Italy, there are 55 Helicopter Emergency Medical
Service (HEMS) bases currently active. HEMS are
managed by dispatch centres that are set up on a regional
and geographical basis that often correspond to a level 1

trauma centre hospital. HEMS teams usually include one
or two pilots, one doctor, one or two nurses and when a
Search and Rescue configuration is in operation an alpine
rescue technician. Twenty-four of the 55 HEMS bases
work around the clock covering night shifts, while 31 are
day-limited. Unfortunately, it is not possible to provide
overall data on HEMS interventions throughout Italy as
there is no national patient registry. Many systems have a
particular configuration either for personnel, logistics or
clinical procedures, and no national clinical guidelines
or indications exist. Nevertheless, it is estimated that the
case volume amounts to about 700 missions per year per
base and a nocturnal overall activity of around 7%-8%.%
In October 2020 Bologna and Grosseto HEMS became
the first Italian civilian prehospital service to routinely
offer prehospital red blood cell transfusion. To our
knowledge, selected HEMS teams are the only services
currently carrying blood products outside the hospital
in Italy. To date, we are aware that four HEMS bases
in Italy are currently carrying prehospital blood prod-
ucts, through different configurations and availability,
RBGCs, pre-thawed plasma, fibrinogen concentrate and
prothrombin complex concentrate are in use (Bergamo,
Bologna, Foggia and Grosseto HEMS bases). Complex
interventions such as prehospital blood administration
require strong governance and documentation. A signifi-
cant component of any trauma system is a trauma registry
(TR), which is a comprehensive repository of information
on the victims of injuries including received treatments.
TRs allow the monitoring and benchmarking of patient
care with the ultimate aim of improving and reducing
the variability of trauma management, for instance across
a complex national system.”® With this study we aim at
describing the current practice of hypotensive trauma
management as well as propose the creation of a national
registry of patients with haemorrhagic shock, intending
to investigate the relative influence of practice variation
on outcomes and ultimately to foster the development of
future randomised studies.

Aim and objectives

This is the first attempt to conduct a national multicentre

study describing the current prehospital clinical prac-

tice, and its impact on in-hospital outcomes. The primary
objective of the SPITFIRE study is the exploration of the
effect size of the variation in clinical practice of damage
control resuscitation on the mortality of hypotensive
trauma patients.” The primary outcome measure will be
24 hours, 7days and 30 days mortality.
Secondary objectives are:

» Association of prehospital factors and survival from
injury to hospital admission, intensive care unit
length of stay, hospital length of stay, prehospital
complications, in-hospital complications and hospital
outcomes.

» Prevalence, specificity and sensitivity of clinical exami-
nation and prehospital ultrasound when available.” !

2

Tartaglione M, et al. BMJ Open 2022;12:€062097. doi:10.1136/bmjopen-2022-062097



» Association of prehospital factors and volume of first
24 hours blood product administration.

» Evaluation of the prevalence of use, appropriateness,
haemodynamic, metabolic and effects on mortality of
prehospital blood transfusions.

» Evaluation of 30-day functional status.

Finally, the study data set will be used to prospectively
test a previously validated optimal treatment bundle
designed to minimise 7-day mortality in haemorrhagic
shock using machine learning.*

METHODS AND ANALYSIS

Study design

We have designed an investigator-initiated, large,
national, prospective, observational cohort study aiming
to recruit >500 patients in haemorrhagic shock after
major trauma. The actual study start date was 1 May 2021
and the estimated primary completion date is 1 May 2025.

Patient and public involvement

Patients and the public have not been involved in the
study design or in the recruitment and conduct of the
study.

Setting

Italy. As of December 2021, a total of 55 HEMS bases are
operating in the country (50 all year-long and 5 seasonal,
to serve tourist/holiday peaks). Study investigators (MT
and LC) performed extensive research to obtain the
email addresses of local air ambulance coordinators. As
soon as contact details were obtained a standardised invi-
tation email was sent to representatives of each service,
with regular interval reminders encouraging study
participation.

Currently, 22 bases have agreed to participate and
are at various stages of study activation, with 15 actively
recruiting patients (Bologna, Pavullo, Grosseto, Massa,
Torino, Alessandria, Borgosesia, Cuneo, Udine, Trento,
Bolzano, Bressanone, Lasa, Pontives and Treviso).

Recruitment for this study started on 1 May 2021 and is
expected to last a minimum of 4years. Additional HEMS
bases are encouraged to join the study at any time. On
requests from candidate centres, a copy of the study
protocol and electronic Case Report Form (eCRF) is
sent out for assessment. The geographical distribution of
participating centres as of February 2022 is presented in
figure 1.

Participants
Inclusion criteria for this study are chosen a priori based
on previously published research protocols and trials
investigating prehospital major trauma managed by
HEMS and prehospital fluid delivery.”** **

All patients fulfilling the following inclusion criteria
will be recruited:
1. Age >18 years,

2. Have sustained a traumatic injury and attended by a
prehospital helicopter emergency team which includes
a physician,

3. A systolic blood pressure <90 mm Hg or weak/absent
radial pulse during the primary assessment, treatment
or transportation to the hospital. In case of upper limb
injury any contralateral peripheral pulse is considered
acceptable,

4. A confirmed or clinically likely diagnosis of major
haemorrhage.

The decision to only include Italian prehospital heli-
copter emergency medical services is based on the fact
that at the time of writing HEMS teams are the most
likely to be exposed to severe trauma patients, deliver the
most advanced interventions on scene and are the only
(although still uncommon) resources currently carrying
blood products prehospitally.

Patients will be excluded if deemed unsalvageable by the
HEMS team before starting any resuscitation manoeuvre.

Variables and source of data

Two major sets of variables will be collected: prehos-
pital and hospital data. Prehospital variables will include
mission details, times and mechanism of injury. Clin-
ical assessment and interventions performed by the
prehospital team (including volume of all fluids, crys-
talloid and colloid and all types of blood products and
concentrates). Hospital variables will include emergency
department assessment and interventions, results of diag-
nostic (imaging and laboratory) and therapeutic proce-
dures (including volumes of fluids and blood products).
Patients will be followed up at 24 hours, day 7 and day 30
from admission for organ failures and support. Centres
will collect the Glasgow Outcome Scale Extended at 30
days from admission. Death happening at any time will
be recorded as well as the primary cause of death. Patient
demographics including medical history, gender, age and
comorbidities will be extracted from the patient medical
records.

Prehospital and hospital variables will be recorded by
treating clinicians or study investigators depending on
local clinical practice (some centres may share personnel
between the two settings, while others will have separate
teams for prehospital and in-hospital). All clinical eval-
uations will be performed as per usual standard of care.
Variable selection was based on previously published
consensus conferences on prehospital data collec-
tion.”” Details on collected variables are presented in
tables 1 and 2.

Data collection and management

Anonymised data will be collected via a web-based secure
eCRF using the REDCap software (Research Electronic
Data Capture, Vanderbilt University, Nashville, Tennessee,
USA). The data will be securely stored on the study coor-
dinator’s local health authority research server (AUSL
Bologna, REDCap license from IRCCS Bellaria, Bologna,
Italy). Data will be regularly checked for consistency
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Figure 1

and completeness by the study coordinator and steering
committee. Reminders will be sent to local investigators to
correct potential irregularities. All participating centres
will join a data transfer agreement to define the terms for
data transfer from the centres to the sponsor. All proce-
dures will comply with the European Union Regulation
2016/279 on data protection.

Study size
The primary endpoint is to describe the current clinical
practice and assess the effectiveness of current practice on
patients’ 30 days mortality. Major trauma patients experi-
ence an overall 20% mortality.” * In order to perform a
logistic regression analysis using mortality as the depen-
dent variable, 10 events are needed for each covariate
inserted in the model as a rule of thumb.

Therefore, a model involving up to 10 covariates will
need at least 500 patients.

Current study centres (February 2022). Blood drop represents HEMS bases with blood components availability.
The Bolzano icon represents the four Alto Adige provincial bases: Bolzano, Bressanone, Lasa and Pontives. HEMS, Helicopter
Emergency Medical Services.

Plan for analysis

Patients’ characteristics and patterns of lesions will be
depicted using descriptive statistics and specific analyses
are planned for the primary and secondary objectives.
The methodology of analysis is also based on the sugges-
tions from the previous work on multicentre observa-
tional prehospital resuscitation on helicopter study by
Holcomb et al.”®™

Primary objective
The variation in clinical practice will be described through
descriptive statistics.

The exploration of factors influencing 30 days mortality
will be performed as follows: patients will be divided into
two groups based on 30 days mortality, and the prehos-
pital and trauma-related variables resulting significantly
different between the two groups will be tested as covari-
ates in a univariable logistic regression model. Finally, the
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Table 1 Prehospital study variables

Dispatch and mission

These describe whether the mission includes search and rescue procedures which are known

to increase overall prehospital times; type of dispatch (primary, on-scene crew request or
secondary transfer); resources and level of resources on scene (BLS type vs ALS with different
configurations); evacuation to hospital (air vs road).

Times

Key times for the prehospital phase: dispatch centre call-connect time (‘injury time’), HEMS team

with patient time. Hospital arrival time (emergency department triage) will be used to determine

the overall prehospital time.
Mechanism of injury (MOI)

Primary descriptor of the MOI. Road traffic accident (RTA), fall (< or >3 metres), assault (blunt,

penetrating knife or gunshot), burns, explosion, crush, electrocution, hanging, animal bite,

drowning.

If RTA further descriptors are collected: means of transportation, protection (helmet, seat belt,
etc), the role of the injured (passenger, pedestrian, etc) and estimated energy (high vs low).
Finally, intentionality is recorded (accidental, self-harm, assault, unknown).

HEMS clinical examination

Primary clinical assessment including recording of airway, status, lowest SpO2 and arterial

systolic/diastolic blood pressure or radial pulse status. Observed or presumed sites of bleeding
(long bones, external compressible haemorrhage, penetrating injury, junctional haemorrhage,
(sub)amputation, suspected pelvic fracture, haemothorax, hemoperitoneum.

Neurological assessment (first recorded Glasgow Coma Scale, HEMS assessed Glasgow Coma

Score and sensorimotor deficits).

Ultrasound extended Focused Assessment with Sonography for Trauma (eFAST).
If eFAST was performed and findings.

Prehospital cardiac arrest
circulation was obtained.

HEMS interventions

Whether the patient was at any time in traumatic cardiac arrest and if a return of spontaneous

Interventions on airways, breathing and circulation including orotracheal intubation or

supraglottic device use, use of tourniquets, haemostatic gauzes, pelvic binder, thoracostomies,
REBOA or resuscitative thoracotomy and positioning of wide bore vascular access.
In case of REBOA a subset of data will be collected (anatomical zone and duration of balloon

inflation).

Prehospital fluids and blood products.
Total volume of prehospital crystalloid, colloid, units of prehospital packed red blood cells, grams
of prehospital fibrinogen, volume of prehospital plasma and use of clotting factors (prothrombin

complex concentrate).
Other drugs.

Induction agents, vasopressors, osmotic and hypertonic fluids, electrolytes, tranexamic acid.

ALS, Advanced Life Support; BLS, Basic Life Support; HEMS, Helicopter Emergency Medical Services; REBOA, Rescuscitative Endovascular

Balloon Occlusion of the Aorta; SpO2, Peripheral Oxygen Saturation.

multivariable model building will be performed through
the least angle regression selection considering as candi-
date variables all those variables resulting associated with
30 days mortality with a p<0.1 in the univariable analysis.
SEs will be adjusted considering single HEMS bases as
clusters.

Subsequently, the effect size of single interventions, in
particular, the prehospital administration of RBCs, coag-
ulation products and Resuscitative Endovascular Balloon
Occlusion of the Aorta (REBOA) will be studied through
propensity score adjusted logistic regression models.

Secondary objectives
Factors associated with survival to hospital admission
will be estimated with a multivariable logistic regression
model building as described for 30 days mortality.
Prehospital extended Focused Assessment with Sonog-
raphy for Trauma (eFAST) accuracy will be tested against
CT scan and/or operating room findings of hemoperito-
neum. The occurrence of a positive eFAST will be tested

as an independent factor in a Cox proportional hazards
regression model considering time to definitive diagnos-
tics (CT scan) or treatment (operating room access). A
propensity score matching will be performed to adjust for
the covariates that influence the probability of receiving
e¢FAST in the prehospital setting.

A quantilic regression model will be used to test factors
associated with the volume of blood product administra-
tion during the first 24 hours after hospital admission.

DISCUSSION

Given that the utility of a TR that includes injured
patients across a nationwide trauma system is universally
established, we aim to obtain data from a large cohort
of trauma patients attended by HEMS. We will provide
a detailed description of the patients’ characteristics,
bleeding trauma patients’ management strategies,
resource use, system organisation and performance and
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Table 2 Hospital study variables

Trauma team activation

Emergency department clinical
examination

Biochemical data

Emergency department
interventions

Emergency department
diagnostics

Emergency department outcomes

Post-emergency department
interventions

Scores

Intensive care unit (ICU)/high
dependency unit (HDU) admission
and discharge

Data regarding the presence and activation of a trauma team. Also whether a prehospital
activation of a massive transfusion protocol is performed.

Emergency department clinical assessment including airways, breathing and circulation,
estimation of bleeding. Neurological assessment (Glasgow Coma Score, pupils and
sensorimotor deficits).

Temperature at admission.

First arterial blood gas performed at hospital admission (pH, PaO,, PaCO,, HCO,, lactate,
base excess, haemoglobin).

ROTEM (if available).

INR value at admission.

aPTT value at admission.

Interventions on airways, breathing and circulation including orotracheal intubation or
supraglottic device use, use of tourniquets, haemostatic gauzes, pelvic binder, REBOA or
resuscitative thoracotomy and positioning of high flow vascular access.

In case of REBOA a subset of data will be collected (anatomical zone and duration of
balloon inflation).

Emergency department fluids and blood products.

Total volume of prehospital crystalloids and colloids, units of prehospital packed red blood
cells, grams of prehospital fibrinogen, volume of prehospital plasma.

Extended Focused Assessment with Sonography for Trauma (if performed and findings).
X-Ray (if performed and findings).
CT (if performed and findings, date and time of CT).

Haemodynamic status at disposition from the emergency department (systolic blood
pressure, heart rate).
Lactate and base excess at emergency department disposal.

The patient pathway following disposition from the emergency department is recorded.
Patients might be taken into surgery, angiography, intensive care or die. If taken to surgery
or angiography details of the procedure and intraoperative findings are recorded. Eventual
intraoperative cardiac arrest and return of spontaneous circulation are recorded.

Injury Severity Score is collected according to international coding standards.
Sequential Organ Failure Score at ICU admission.
SAPS2 at ICU admission.

Blood gases at ICU/HDU admission.

Blood gases 24 hours from ICU/HDU admission.

Organ failures within the first 24 hours of hospital admission.

Type and duration of organ support (mechanical ventilation, tracheostomy, vasopressors,
renal replacement).

Total number of packed red blood cells during first 24 hours (including prehospital
transfusion if applicable).

Total volume (mL) of plasma during first 24 hours (including prehospital transfusion if
applicable).

Total number of platelets pool during first 24 hours (including prehospital transfusion if
applicable).

Total grams of fibrinogen concentrate during first 24 hours (including prehospital
transfusion if applicable).

Total volume (mL) of crystalloids and colloids during first 24 hours (including prehospital
transfusion if applicable).

Further organ failures and surgical interventions at 7 days from hospital admission.
Further organ failures and surgical interventions at 30 days from hospital admission.
Glasgow Outcome Scale Extended 30 days from hospital admission.

Date, condition and location of hospital discharge.

Primary cause of death.

aPTT, activated Partial Thromboplastin Time; INR, International Normalized Ratio; REBOA, Resuscitative Endovascular Balloon Occlusion of
the Aorta; ROTEM, Rotational Thromboelastometry; SAPS2, Simplified Acute Physiology Score 2.

their correlation to clinical outcomes. The differences in therapeutic strategies together with potential outcome
the management of bleeding trauma patients nationwide, association will also be described.
both prehospital and in-hospital, their treatment and
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The results generated from this study will complement
other large multicentre studies focusing on bleeding
trauma patient practice. In addition, for the first time, we
aim to collect large-scale national data on trauma resus-
citation from the prehospital HEMS phase to the initial
in-hospital management.

Bleeding trauma patients is certainly not a naive
research field, however, the nationwide approach can be
considered the main strength and novelty of the study
since it allows to explore the clinical practice in geograph-
ical regions characterised by very different healthcare
organisations.

Concluding, SPITFIRE study protocol provides a
timely and unique opportunity to generate high-quality
evidence regarding prehospital and in-hospital trauma
resuscitation. Evidence that we hope will provide useful
information for improving the overall management of the
bleeding trauma patient nationally and internationally,
moreover, it will provide useful quality improvement data
for prehospital helicopter emergency services around
the country and lastly, we hope, it will make a significant
difference to influencing future research questions and
improving patient care.

ETHICS AND DISSEMINATION

Ethics

The study has been approved by the Ethics Committee
‘Comitato Etico di Area Vasta Emilia Centro’ (approval
date 22 October 2020). Each participating centre/
local Principal Investigator is responsible for obtaining
local approval in compliance with the local legislation
and rules. The national coordinators will facilitate this
process.

Major trauma is unpredictable and often incapac-
itating and thus immediate prospective informed
consent from patients might not be possible. Moreover,
in the case patients will retain capacity they will likely
need immediate life-saving interventions that cannot
be deferred to collect study consent. Consent to partic-
ipate in the SPITFIRE trial will be sought at the earliest
opportunity. Patients or legal representatives will be
approached by a local study investigator at a time when
they are well and able to receive and process informa-
tion. All reasonable efforts will be put into place to
inform patients or their proxies and to obtain informed
consent. In case of patients who die before consent is
obtained and with no legal representatives recorded
data will be included in the study as per indication of
the Italian data protection authority, section on scien-
tific research (section 5.3.2 Provvedimento del Garante
n. 146 del 5 Giugno 2019). Patients can be removed
from the study, at their own or their legal representa-
tive’s request, at any time.

The study will be performed according to the Helsinki
Declaration and International Conference on Harmoni-
sation of Good Clinical Practice.

Registration and funding

SPITFIRE is registered with ClinicalTrials.gov. This study
received no specific grant from any funding agency in the
public, commercial or notfor-profit sectors. The Article
Processing Charge for this publication will be offered by
the no-profit Fondazione Franca Capurro of Novara.

Dissemination

The study results will be submitted for publication in peer-
reviewed international journals and presented at national
and international meetings. Study participants will be
sent a summary of the final results, including details of
their local study population.
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