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CHARACTERISTICS OF NONTRAUMA PATIENTS RECEIVING PREHOSPITAL BLOOD

TRANSFUSION WITH THE SAME TRIGGERS AS TRAUMA PATIENTS: A
RETROSPECTIVE OBSERVATIONAL COHORT STUDY

Susanne Ångerman, MD, Hetti Kirves, MD, PhD, Jouni Nurmi, MD, PhD

ABSTRACT

Objective: While prehospital blood transfusion (PHBT)
for trauma patients has been established in many services,
the literature on PHBT use for nontrauma patients is lim-
ited. We aimed to describe and compare nontrauma and
trauma patients receiving PHBT who had similar hemo-
dynamic triggers. Methods: We analyzed 3.5 years of
registry data from a single prehospital critical care unit.
The PHBT protocol included two packed red blood cell
units and was later completed with two freeze-dried
plasma units. The transfusion triggers were a strong clin-
ical suspicion of massive hemorrhage and systolic blood
pressure below 90mmHg or absent radial pulse. Results:
Thirty-six nontrauma patients and 96 trauma patients
received PHBT. The nontrauma group had elderly
patients (median 65 [interquartile range, IQR, 56–73] vs 37
[IQR 25–57] years, p< 0.0001) and included patients with
gastrointestinal bleeding (n¼ 15; 42%), vascular

catastrophes (n¼ 9; 25%), postoperative bleeding (n¼ 6;
17%), obstetrical bleeding (n¼ 4; 11%) and other (n¼ 2;
6%). Cardiac arrest occurred in nine (25%) nontrauma and
in 15 (16%) trauma patients. Of these, 5 (56%) and 10
(67%) survived to hospital admission and 3 (33%) and 2
(13%) to hospital discharge. On admission, the nontrauma
patients had lower hemoglobin (median 95 [84–119] vs
124 [108–133], p< 0.0001), higher pH (median 7.40
[7.27–7.44] vs 7.30 [7.19–7.36], p¼ 0.0015) and lower
plasma thromboplastin time (median 55 [45–81] vs 72
[58–86], p¼ 0.0261) than the trauma patients.
Conclusions: We identified four nontrauma patient
groups in need of PHBT, and the patients appeared to be
seriously ill. Efficacy of prehospital transfusion in non-
trauma patients should be evaluated futher in becoming
studies. Key words: blood transfusion; helicopter
emergency medical services; nontrauma; prehospital;
freeze-dried plasma; packed red blood cells
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INTRODUCTION

The current literature about treatment strategies
for massive hemorrhage focuses mostly on trauma
(1). Improved survival, decreased need for blood
products and fewer inflammatory reactions are
achievements related to balanced massive transfu-
sion protocols (2). Acute traumatic coagulopathy is
an acknowledged threat to trauma patients, empha-
sizing early transfusion therapy as part of hemo-
static resuscitation (3).
Balanced prehospital blood transfusion (PHBT)

including both red blood cells and plasma possibly
improves outcomes for trauma patients suffering
from severe hemorrhage (4, 5). Thus, it is estab-
lished practice in treating trauma patients, even
though the quality of evidence is not strong (4). The
therapy aims to bridge the gap between the accident
scene and the hospitals providing surgical interven-
tions. Adverse events have been reported in only
1% of prehospital transfusion cases (4). At present,
prehospital transfusion therapy is a complex entity
of different blood products and their combinations –
including packed red blood cells (pRBCs), plasma
(fresh-frozen or freeze-dried) and whole blood used
in a variety of prehospital systems (5, 6).
Current PHBT protocols are adopted from in-hos-

pital trauma resuscitation procedures and designed
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for treating trauma patients with major hemorrhage.
However, prehospital transfusion is also used to
treat nontrauma patients (7, 8). The heterogeneous
nontrauma population depends on the case-mix of
the prehospital units providing PHBT (9). For
example, patients suffering from gastrointestinal or
obstetric hemorrhage may benefit from early trans-
fusion (10, 11). The literature on the use of blood
products for nontraumatic patients in the prehospi-
tal setting is limited (12, 13).
The efficacy of using prehospital trauma transfu-

sion protocols to treat nontrauma patients is not
well-established. Thus, we aimed to describe and
compare the characteristics of nontrauma and
trauma patients and their response to PHBT trig-
gered by the same physiological measurements ori-
ginally intended for predicting the need for a
massive transfusion in trauma patients.

METHODS

The study protocol was approved by the manage-
ment of Helsinki University Hospital (HUS/278/
2018). According to Finnish legislation, additional
approval by an ethical committee was not needed,
as only registry data were used and the study had
no effect on patient’s treatment. The change in clin-
ical practice was based on the implementation of
the prehospital transfusion protocol regardless of
the data collection process. The Strengthening the
Reporting of Observational studies in Epidemiology
(STROBE) guidelines were followed in the reporting
of this study (14).
We performed a retrospective cohort study based

on the quality registry of patients who received pre-
hospital transfusion in one HEMS unit. We analyzed
the data descriptively and compared the characteris-
tics, prehospital treatment and the early emergency
department data of nontrauma patients with those
of trauma patients.
The HEMS unit used in this study serves a popula-

tion of 1.3 million in Southern Finland, covering an
area of 10,000 square km. The intensive care of the
most critical patients is centralized and provided at
the university hospital clinics in the capital area,
where a HEMS unit transports and escorts patients.
The unit is staffed by a crew of three members: a
physician, a HEMS crew member and a pilot. The
physicians are mainly consultant anesthesiologists
working full time in the prehospital system. During
the study period, 16 different physicians were
employed in the service, including four fellows in
anesthesia and intensive care medicine. The HEMS
crew members are firefighters and prehospital nurses
trained in aviation and prehospital critical care. Their

medical licensure varies and corresponds the EMT or
paramedic level. The unit utilizes special equipment
for point-of-care laboratory tests, continuous invasive
blood pressure measurement and portable ultra-
sound scans. A HEMS unit is a dispatched based on
predefined criteria by emergency dispatchers. The
most common dispatching categories are major
trauma, cardiac arrest and unconsciousness. The unit
does not have a role in interfacility transfers.
Ambulance crews can also request the HEMS unit to
join their mission – for instance, when they recognize
a possible need for PHBT based on their clinical judg-
ment. The EMS personnel has been informed about
the PHBT criteria of the HEMS unit but no manda-
tory protocol for activation exists. The HEMS unit
meets approximately 1,100 patients and provides
PHBT in 35 cases annually.
Triggers for PHBT in the unit were designed to

meet the massive transfusion protocol criteria of a
level I trauma center. The main triggers and the
supporting factors for PHBT are (a) a strong suspi-
cion of major bleeding according to the mechanisms
of injury and the clinical status and (b) systolic
blood pressure under 90mmHg or absent radial
pulse. Supporting factors include a heart rate over
120 beats per minute, peritoneal or pleural fluid in
ultrasonography examination, high-energy pelvic
injury and penetrating injury. According to the
protocol in the unit, PHBT can also be given to non-
trauma patients – for example, patients suffering
from a ruptured aortic aneurysm, major bleeding of
obstetric reasons or bleeding from the gastrointes-
tinal tract with same triggers.
The prehospital transfusion process was planned

and executed together with Helsinki University
Laboratory Blood Bank. The HEMS unit started to
carry aboard two O RhD negative units of red blood
cells in March 2016. In January 2017, the PHBT
protocol was complemented with two units of
freeze-dried plasma (LyoplasVR N/P–w AB,
Deutsches Rotes Kreutz, Germany).The product was
planned to be part of the protocol already in the
planning phase. Consequently, it was implemented
immediately after it became commercially available
in Finland. Tranexamic acid (1 g intravenously) was
already used for bleeding patients before the imple-
mentation of prehospital transfusion therapy, and it
was included in the PHBT protocol. Calcium glubio-
nate corresponding to Ca2þ 90mg was added to the
protocol together with the implementation of freeze-
dried plasma to reduce possible hypocalcemia
caused by the citrate load after rapid blood product
transfusion.
The pRBCs are stored in temperature-controlled

portable medical transport bags (Credo S4 2 48
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PROMEDVR , Pelican BioThermal, USA). Every pRBC
unit has its temperature logger (Libero Ti1VR , Elpro,
Switzerland) with programmed alarm limits
(þ2 �C–þ6 �C). The local hospital blood bank near
the HEMS base provides new pRBCs 24-hours per
day after usage and recycles the units for hospital
utilization after three weeks if not used in prehospi-
tal setting. pRBCs (and all other resuscitation fluids,
if possible) are always infused through a fluid
warmer (Belmont Buddy LiteVR , Belmont Instrument
Corporation, MA, USA).
PHBT is prepared and delivered by the HEMS crew

using a checklist. Blood components, crystalloids and
medications are administered through standard intra-
venous or intraosseal accesses. Blood samples for
blood group and compatibility testing are taken before
initiating pRBC transfusion, but samples are not ana-
lyzed until hospital arrival. The patients are closely
monitored to note the response to the hemostatic
resuscitation and detect possible adverse reactions. All
given treatments and their timestamps are docu-
mented in the prehospital patient report.
All PHBT cases were prospectively collected

from a quality registry. Operational data was col-
lected from the national HEMS mission database
and the data concerning prehospital treatments
and vital parameters were gathered from electronic

prehospital patient records. HEMS-physician on
call is responsible for entering the data to the
HEMS-mission database and prehospital patients’
records. The PHBT registry data are completed
from the hospital patient record system. The PHBT
registry is maintained and validated by a single
physician (SÅ) responsible for the PHBT process.
The data is regularly compared to blood bank
records to ensure its completeness. The registry is
used in quality control, development of PHBT
protocol and research.
The physician responsible for the PHBT process

followed the patients using the electronic patient
record system to determine the survival status at
30days and the overall performance category (OPC)
at 90 days based on the patient charts. The OPC
scale extends from one (normal) to five (death), and
values less than three are considered as favorable
outcome (15). These served as the outcome measure-
ments in the current study.
We included all PHBT patients, to whom the

HEMS team administered either red blood cells,
plasma or both, in this study. The data were col-
lected over 42months, from March 2016 to
October 2019.
The normal distribution of the continuous varia-

bles was tested using the D’Agostino and Pearson

HEMS team calls in study period 
n = 9868

Patients seen by the HEMS team 
n = 4034

Missions denied or cancelled
n = 5834 

Prehospital blood transfusion 
n = 132

Trauma patients receiving 
PHBT 
n = 96

Nontrauma patients receiving 
PHBT 
n = 36

Missing data 
n = 0

30 day survival in trauma 
patients

n = 66, missing data = 5

30 day survival in nontrauma 
patients

n = 24, missing data = 0

Overall performance category at 90 
days

n = 51, missing data = 6

Overall performance category at 90 
days

n = 27, missing data = 0

FIGURE 1. Flow chart of the study population (study period 22.3.2016–21.10.2019). HEMS, helicopter emergency medical services; PHBT,
prehospital blood transfusion.
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omnibus normality test. As virtually all the parame-
ters had skewed distribution, we reported continu-
ous variables as the median and interquartile range
(IQR). For proportions, 95% confidence intervals
were calculated using the modified Wald method.
Categorical parameters were compared between
groups with Fisher’s exact test in case of two catego-
ries and the Chi-square test in cases of three or
more categories. Continuous variables were com-
pared with the Mann-Whitney U test. Analyses
were performed using GraphPad Prism version 9.0.0
for Mac OS X (GraphPad Software, USA). A p-value
of less than 0.05 was considered significant.

RESULTS

A total of 132 patients received PHBT during the
study period, 36 (27%) of them were nontrauma
and 96 (73%) were trauma patients (Figure 1). There
were six patients aged < 18 years, and they were all
transfused after major trauma. All the cases were
included in the analysis. The characteristics of the
patients are presented in Table 1. The number of
males were 24 (68%) and 79 (82%) in nontrauma
and trauma groups, respectively (p¼ 0.622). The
nontrauma group was significantly older (median
age 65 vs. 37, p< 0.0001). The proportion of non-
trauma patients was 10/29 (35%) before and 26/103
(25%) after implementation of freeze-dried plasma.
The nontrauma group consisted of patients with

various etiologies of hemorrhage (Figure 2). The
most common reason for massive hemorrhage was
gastrointestinal bleeding (n¼ 15, 42%). Patients with
vascular catastrophes (n¼ 9, 25%) were suspected to
suffer from a ruptured abdominal aortic aneurysm
except for one case of suspected aortic dissection.
Postoperative complications (n¼ 6, 17%) involved
three patients suffering from late postoperative

bleeding after major vascular surgery, two post-ton-
sillectomy bleedings and one patient with bleeding
from the microvascular free flap in the lower limb.
Gynecologic/obstetric hemorrhage (n¼ 4, 11%) was
caused only by pregnancy-related reasons – for
example, uterine rupture and extrauterine preg-
nancy. Other indications for PHBT were one case of
severe epistaxis and one case of anemic point-of-
care test finding in a patient resuscitated from
pulseless electrical activity.
The trauma group consisted of 70% (n¼ 67) blunt

injuries and 30% (n¼ 29) penetrating injuries. The
penetrating injuries included 23 stabbings, 3 shoot-
ings and 3 other mechanisms. The blunt injuries
included 35 traffic accidents, 18 falls from height
(over 4 meters), 10 falls from under 4 meters and
other impacts and 4 patients with other mechanisms
(e.g., railway accidents, watercraft accident and
compression injury).
The HEMS unit was dispatched by the emergency

response center in two (6%) of nontrauma and 66
(69%) of the trauma cases. In the rest of the cases,
the HEMS dispatch was requested later by the para-
medics on the sceen. Consequently, nontrauma
patients were reached significantly later by the
HEMS unit (Table 1) and the delay from emergency
call to PHBT initiation was longer (Table 2).
No significant differences were observed in

accomplishing PHBT for nontrauma and trauma
patients except for a longer delay in the nontrau-
matic group (Table 2). During the first 12 hours in
the hospital, blood products were needed more fre-
quently in nontrauma patients (84.4% vs. 60.4%,
p¼ 0.0161). The rate of massive transfusion, defined
as more than 9 pRBC units transfused, was similar
(15.6% vs. 15.4% in nontrauma and trauma patients,
respectively).
Cardiac arrest occurred in 9 (25.0%) nontrauma

and 15 (15.6%) trauma patients during prehospital

FIGURE 2. Etiology of hemorrhage on nontrauma patients receiving prehospital transfusion (n¼ 36).
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care, p¼ 0.2165. After resuscitation from cardiac
arrest five (55.6%) nontrauma and ten (66.7%)
trauma patients survived to the hospital with spon-
taneous circulation (p¼ 0.6785). Futher, three (33%)
nontrauma and two (13%) trauma patients survived
to hospital discharge after resuscitation (p¼ 0.3256).
All cardiac arrest patients had PEA as their primary
rhythm. The three nontraumatic cardiac arrest survi-
vors suffered from bleeding from ruptured uterus,
GI bleeding detected after a successful cardiopul-
monary resuscitation and post-operative bleeding
from femoral artery.
There was no significant difference in the 30-day

mortality (33.3% vs. 33.0% in nontrauma and
trauma patients, respectively, p¼ 1.000) or in the
rate of favorable functional outcome at 90 days (75%
vs. 56.7% in nontrauma and trauma patients,
respectively, p¼ 0.0685). The outcome data is pre-
sented in Table 3. We performed a sensitivity

analysis to address the missing data. We tested
scenarios with patients missing OPC data with
favorable or unfavorable outcome. The estimate of
OPC 1-2 rate in trauma patients would vary be
between 53.1% (p¼ 0.0287) and 59.4% (p¼ 0.1081) in
comparison to nontrauma patients. Accordingly, the
limits of 30-days survival rate in trauma patients
would be 31.3% to 36.5% (both non-significant).
No transfusion-related adverse events were

observed during prehospital phase or reported in
the hospital records (incidence 0%, 95% confidence
interval 0.0% to 2.8%).

DISCUSSION

The main findings of the current study include
the following. First, nontrauma patients treated with
PHBT include patients with gastrointestinal bleed-
ing, vascular catastrophes, obstetric emergencies
and, little surprisingly, postoperative complications.
Second, based on the laboratory findings and vital
signs, these patients were seriously ill and presented
for example with lower hemoglobin level than
trauma patients transfused with similar triggers.
Third, a majority of both nontrauma and trauma
patients did receive transfusions at the hospital.
PHBT is a potentially life-saving treatment for

trauma patients (16). Even though the PHBT proto-
cols were primarily designed for trauma patients,

TABLE 2. Timelines and treatment before and within 12 hours after hospital arrival. Hospital data are presented only for
patients that survived to emergency department admission (nontrauma, n¼ 32; trauma, n¼ 91). Data are presented as n

(%) or median (interquartile range [range])

Nontrauma
(N¼ 36)

Trauma
(N¼ 96)

p-value
Data missing, n Data missing, n

Delay from emergency call
to hospital admission, min 97 (71–114 [58–182]) 0 83 (61–107 [31–202]) 0 0.0634
to the start of PHBT, min 64 (48–78 [32–130]) 6 49 (37–65 [14–140]) 11 0.0170

Prehospital treatment
Patients receiving pRBCs 34 (94%) 0 73 (76%) 0
pRBC units per patient 2 (1–2 [0–2]) 0 2 (1–2 [0–4]) 0
Patients receiving FDP 25 (69%) 0 74 (77%) 0
FDP units per patient 2 (0–2 [0–2]) 0 2 (0–2 [0–2]) 0
Crystalloids, ml 1000 (500–1500 [500–2500] 5 1000 (500–1500 [500–2500] 13
Tranexamic acid 33 (92%) 0 87 (91%) 0

Blood products after hospital admission
No blood procucts 5 (15.6%) 0 36 (39.6%) 0 0.0027
1–4 pRBC/plasma 13 (40.6%) 0 11 (12.1%) 0
5–9 pRBC and other blood products 9 (28.1%) 0 30 (33.0%) 0
>9 pRBC 5 (15.6%) 0 14 (15.4%) 0

PHBT – prehospital blood transfusion.
pRBC – packed red blood cells.
FDP – fibrin degradation products.

TABLE 3. Outcome of nontrauma and trauma patients
receiving prehospital blood transfusions

Nontrauma (n¼ 36) Trauma (n¼ 96) p-value

Prehospital mortality 4 (11.1%) 5 (5.2%) 0.2550
30-day mortality 12 (33.3%) 30 (33.0%)� 1.0000
OPC 1–2 at 90 days 27 (75.0%) 51 (56.7%)�� 0.0685

OPC – Overall performance category (1–2 corresponds normal functionality or
moderate disability).
�Five missing data.
��Six missing data.
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they are successfully applied in nontrauma patients
by increasing number of prehospital systems (7, 8,
13). The need for PHBT by nontrauma patients is
notable. In our study, almost one-third of the
patients receiving PHBT therapy were bleeding due
to heterogenous nontraumatic reasons. Even higher
rates from 46.5% to 64% have been reported (7, 9,
13). The main etiologies for nontraumatic bleeding
in our study were gastrointestinal, vascular catastro-
phes, postoperative and obstetrical bleeding. Their
proportions are mostly similar as previously
reported. For instance, the proportion reported for
gastrointestinal hemorrhage has been 35%–66.7%,
for postoperative complications 11%–15% and for
gynecological/obstetrical bleeding 5%–7% (7, 13).
The proportion of vascular catastrophes (patients in
possible need of cardiothoracic or vascular surgery)
varied from 15% to 30%, which was probably due
to divergence in categorization and hospital central-
ization of patients.
Gastrointestinal hemorrhage is a common emer-

gency and usually presents as hematemesis in the
prehospital setting (17). The mortality rate of the
patients presenting with signs of shock and exterior-
ized bleeding is high � 5%–40% depending on the
cause of bleeding (17, 18). According to international
guidelines, hemodynamically unstable patient with
upper gastrointestinal bleeding should be resusci-
tated with blood components using a major hemor-
rhage protocol (fixed-ratio) to avoid
overtransfusion (19).
Identification of a ruptured abdominal aortic

aneurysm in the prehospital setting is convention-
ally based on the triad of hypotension, abdominal
and/or back pain and pulsatile abdominal mass.
However, the triad presents only in about 50% of
the patients (20). Prehospital ultrasound may be
useful in identifying the presence of an abdominal
aortic aneurysm, but the detection of retroperitoneal
hemorrhage is difficult (21). To secure the perfusion
of vital organs, the current European guidelines rec-
ommend restricted transfusion strategy using blood
products but not necessary targeting to normoten-
sion (20). The prehospital service should transport
these patients directly to a specialized center as cen-
tralization may lower mortality even by 20% (22).
The proportion of major obstetric hemorrhage in

nontrauma patients in this study was 11%. The inci-
dence of out-of-hospital deliveries appears to be
increasing, as well as the incidence of major obstet-
rical hemorrhage (23, 24). The most common cause
of primary postpartum hemorrhage is atony of the
uterus, treated initially with manual uterine mas-
sage, uterotonic agents and prompt resuscitation
with blood products and tranexamic acid. The

current evidence favors application of massive
transfusion protocol and early use of fibrinogen con-
centrate (11).
On hospital admission, nontrauma patients were

characterized by lower hemoglobin, higher pH and
lower plasma thromboplastin time. These are con-
vergent findings with previous literature (7). Other
comorbidities (e.g., baseline anemia) are more likely
to affect the manifestation of shock with elder
patients. Polypharmacy, especially anticoagulants,
complicate the situation (25). Various etiologies for
nontraumatic bleeding entails several mechanisms
of hemorrhage and coagulopathy, which may differ
from the nature of traumatic bleeding (26).
Majority of the patients in both groups received

blood transfusions in the hospital within 12 hours.
However, it is possible that some patients were
overtransfused due to the challenging diagnostics
and decision-making in the prehospital setting. The
shock index, acquired by dividing the heart rate by
the systolic blood pressure, is an established and
validated tool for identifying hemodynamically
instable trauma patients (27, 28). It has recently
been developed further to achieve more precise
tools, such as modified shock index and age shock
index (29). Furthermore, PHBT therapy could prob-
ably be targeted more precisely by analyzing point-
of-care markers, such as lactate. In a study by
Guyette et al., prehospital lactate outperformed
shock index and systolic blood pressure in detection
of resuscitative interventions in 387 trauma patients
(30). The same physiological triggers may not be
optimal in all age groups. In the current study, non-
trauma patients were significantly older than
trauma patients. This finding needs to be considered
when evaluating the age-related transfusion criteria
in the future.
Recognizing patients that are potentially in need

of PHBT by the medical dispatcher is also challeng-
ing. The nontrauma patients suffering from hemor-
rhagic shock seem to be indistinguishable from the
mass of medical emergencies. Thus, in the current
study, the majority of the HEMS dispatch decisions
for nontrauma patients in need of PHBT were made
by prehospital personnel on the scene or the HEMS
unit itself following a consultation call. The prompt
recognition of major bleeding is fundamental to get
PHBT therapy to nontrauma patients in a reasonable
time frame.
We reported relatively high primary survival rate

in patients suffering cardiac arrest and receiving
PHBT. We were unable to obtain the precise timing
of PHBT in relation to the cardiac arrest. However,
the clinical practice in the unit favors initiating
PHBT during resuscitation only in patients with
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cardiac arrest witnessed by the prehospital staff,
preferably the HEMS unit. If the patient is encoun-
tered during cardiac arrest, first-line intervention is
advanced life support including a bolus of crystal-
loid fluid followed by PHBT only in case of return
on spontaneous circulation. No transfusion-related
adverse events occurred in the study population.
This finding is in line with the earlier literature
showing prehospital transfusion complication rate
of 1% (4). The main limitation of the current study
is that data were gathered from only one HEMS
unit. Thus, these findings may not apply to different
prehospital systems. Because the study was
designed as a single center study, it has a relatively
small number of patients. This unit is characterized
by a mixed and relatively high caseload consisting
only of primary missions and staffed by a special-
ized team, including a senior physician who is fully
focused on prehospital work. This may increase the
consistency of treatment and data collection. On the
other hand, this may limit the generalizability of the
results. However, the etiologies and profiles of non-
trauma patients resembled the previously reported
ones (7, 13). Some of the data from hospital records
were collected retrospectively, which might cause
unintentional bias. Besides the serious limitation of
the study, it also has some considerable strengths.
First, we used a prospectively collected PHBT qual-
ity registry with a uniform prehospital dataset.
Second, the protocol used was implemented and
monitored carefully in the HEMS unit, leading to
high awareness of the therapy and high compliance
with the PHBT protocol.
We conclude that nontrauma patients receiving

the PHBT with same triggers than trauma patients
are a significant group consisting mainly of patients
with gastrointestinal bleeding, vascular catastrophes,
postoperative complications and obstetrical emer-
gencies. This heterogeneous group seems to be crit-
ically ill and have mortality rate similar to trauma
patients. PHBT protocols must be assessed from a
nontrauma perspective and the therapy components
and treatment targets must be tailored to each
patient group.
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