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Abstract

Background The transfusion of red blood cell (RBC) concentrates represents an emerging approach in paediatric
trauma management, even in the prehospital period. Nevertheless, distinctive parameters for predicting the need
for transfusion in children are still lacking. This study aimed to identify indicators for early in-hospital RBC transfusions
that are primarily accessible either in the prehospital or in the early in-hospital setting in a large paediatric trauma
cohort.

Methods This study comprised a retrospective analysis of the German TraumaRegister DGU®. It included children
and adolescents aged 1 to 16 years from Germany, Austria, and Switzerland over a 15-year period. Contingency tables
were used to identify risk factors, which were then assessed through multivariate regression analysis. The model’s
predictive capacity was evaluated using the receiver operating characteristic (ROC) curve.

Results A total of 11,849 patients were included, with RBC transfusion performed in 5.9% of cases. Polytraumatised
patients (adjusted odds ratio (adj. OR) 4.18 [95% confidence interval 3.26-5.34]) and those with penetrating injuries
(adj. OR 4.32 [2.96-6.30]) and abdominal injuries (adj. OR 4.18 [3.34-5.24]) exhibited the highest risk of requiring

an RBC transfusion. The need for cardiopulmonary resuscitation (adj. OR 2.46 [1.84-3.28]), endotracheal intuba-

tion (adj. OR 2.51 [1.93-3.28]), and Glasgow Coma Scale (GCS) < 8 (adj. OR 2.49 [1.85-3.36]) were also significant,

but weaker, predictors. A model based on the mentioned parameters achieved an area under the ROC curve of 0.87
[0.85-0.88], whereas predictive performance was lower but still acceptable when only parameters available in the pre-
hospital setting were included (AUC 0.80 [0.78-0.82]).

Conclusion The likelihood of requiring an RBC transfusion is increased in cases of polytrauma, abdominal and pen-
etrating trauma, patients with a GCS < 8, and those requiring tracheal intubation or cardiopulmonary resuscitation.
Therefore, the proposed risk factors can help identify patients at risk of severe haemorrhage and subsequent transfu-
sion requirement.
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Graphical Abstract

Indicators of Early Transfusion in Paediatric
Trauma: A Retrospective Analysis of 11,849
Cases from the TraumaRegister DGU®

Methods:

» Retrospective analysis of the German
TraumaRegister DGU° including children and
adolescents aged 1to 16 years

» Multivariate regression analysis

» ROC Analysis

11,849 patients
Mean age 9.6 (SD 4.5) years
Mean ISS 15.7 (SD 11.2)

» Mean number of transfused RBCs:

4.1 (SD 8.8)

51 % of transfusions in pat. 211

years

» Mean ISS of transfused pats:
34.1(SD 16.2)

Background

Trauma remains the leading cause of death in children in
Europe and the United States (US) [1, 2]. The main fac-
tors contributing to this high mortality rate are traumatic
brain injuries, hypoxia, and haemorrhage, which rapidly
worsen the patient’s condition and often result in death
at the scene [1, 2]. An analysis of the National Trauma
Data Bank of the US on the temporal distribution of
death found that 51% of paediatric patients were already
deceased upon arrival, highlighting the need for urgent
treatment at the scene [3].

Considering causes of death, as delineated by the cAB-
CDE algorithm, emergency medical services (EMS)
should address the most urgent issues in paediatric
trauma, that is, immediate critical bleeding control,
securing the airway and providing adequate ventilation,
volume resuscitation, and minimising on-scene time,
to enable timely surgical treatment and transfusion [4].
The transfusion of red blood cell (RBC) concentrates,
combined with the replacement of coagulation factors
and platelets, remains an essential component of trauma
resuscitation in the emergency room [5].

Early transfusion plays a pivotal role in paediatric
trauma resuscitation, possibly even before a massive
transfusion protocol needs to be applied. Derived from
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Transfusion Score

Parameter OR Points
Unconsciousness 2.49[1.85-3.36] 1
Intubation 2.51[1.93-3.28] 1
CPR 2.46[1.84-3.28] 1
Serious abdominal injury 4.18[3.34-5.24] 2
Polytrauma 4.18[3.26-5.34] 2
Penetrating trauma 4.32[2.96-6.30] 2

Risk for Transfusion

0 -2 points
Low risk for transfusion (<10%)

3 -4 points
Moderate risk (21-33%)

AUC ROC 0.87[0.85-0.88]

Pictograms generated by freep!k.com

military experience, the prehospital transfusion (PT)
of RBCs represents the maximal variant of early trans-
fusion and has been introduced into civilian EMS [6].
Increasing evidence supports PT in adult populations
based on reduced trauma-associated morbidity and
mortality; thus, it has been implemented in European
EMS [7]. A survey by the European Society of Anaesthe-
siology revealed that 48% of respondents, primarily from
helicopter EMS, had the logistical capacity to perform
PT [8]. PT’s technical feasibility has also been proven
previously [9]. Recently, the combined use of RBC and
plasma was shown to improve survival in adult trauma
patients [10, 11]. Only limited data on PT in children are
available. However, in 2023, a landmark study by Mor-
gan et al. investigated 559 children from the Pennsylva-
nia Trauma Systems Foundation database, 13% of whom
received PT. The study showed that early transfusion at
the scene resulted in reduced 24-h and in-hospital mor-
tality compared to early in-hospital transfusion [12].
Therefore, also the PT of RBCs should be considered in
critically injured children.

In addition to establishing the logistics for PT, deter-
mining the correct indication remains a major challenge
for emergency response teams, regardless of whether
transfusion occurs in the prehospital or early in-hospital
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phase. On one hand, unnecessary transfusions must be
avoided; on the other hand, restrictive approaches might
lead to further deterioration of the circulation. Trauma
teams face a time-critical situation and only have infor-
mation on the patient’s current status to decide if a trans-
fusion should be performed. Data derived from adult
populations suggest indicators for coagulopathy, such as
base excess and lactate levels, as predictors for massive
transfusion. Often, these are not available in the early
phase of trauma management [13, 14]. In general, data on
predictors for trauma-associated transfusions in children
are limited [15]. Therefore, the present analysis aimed to
identify predictors for early in-hospital transfusion that
are primarily accessible (or can be reasonably approxi-
mated) in the prehospital or in the early in-hospital set-
ting in a large paediatric trauma cohort.

Methods

Study design

A retrospective analysis of the German TraumaReg-
ister DGU® of the German Trauma Society (Deutsche
Gesellschaft fiir Unfallchirurgie (DGU)) was performed.
As it involved analyses of routine, anonymous data, no
ethical approval was necessary (Justus Liebig University
Giessen, Giessen, Germany; correspondence from Feb-
ruary 25, 2025). The study followed the current publi-
cation guidelines of the TraumaRegister DGU® and was
registered under the TR-DGU Project ID 2024-040.
The study was conducted according to the principles
of the Declaration of Helsinki [16]. The methods and
results are presented according to the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines [17].

TraumaRegister DGU®
The TraumaRegister DGU® of the German Trauma Soci-
ety was founded in 1993. This multicentre database aims
for the pseudonymised and standardised documentation
of severely injured patients. Data are collected prospec-
tively in four consecutive time phases from the site of the
accident until discharge from the hospital: A) prehos-
pital phase, B) emergency room and initial surgery, C)
intensive care unit (ICU), and D) discharge. The docu-
mentation includes detailed information on demograph-
ics, injury pattern, comorbidities, pre- and in-hospital
management, course in the intensive care unit, relevant
laboratory findings (including data on transfusion), and
the outcome of each individual. The inclusion criterion is
hospital admission via the emergency room with subse-
quent ICU care or arrival at the hospital with vital signs
and death before ICU admission.

The infrastructure for documentation, data manage-
ment, and data analysis is provided by the Academy for
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Trauma Surgery (Akademie der Unfallchirurgie GmbH),
a company affiliated with the German Trauma Society.
The scientific leadership is provided by the Committee on
Emergency Medicine, Intensive Care and Trauma Man-
agement (Sektion NIS) of the German Trauma Society.
The participating hospitals submit their pseudonymised
data to a central database via a web-based application.
Scientific data analysis is approved according to a peer
review procedure in the publication guidelines of Trau-
maRegister DGU®. The participating hospitals are pri-
marily located in Germany (90%), but a rising number of
hospitals from other countries also contribute data (cur-
rently, Austria, Belgium, China, Finland, Luxembourg,
Slovenia, Switzerland, the Netherlands, and the United
Arab Emirates). Currently, about 38,000 cases from
almost 700 hospitals are entered into the database per
year. Participation in TraumaRegister DGU® is voluntary.
For hospitals associated with TraumaNetzwerk DGU®,
however, the entry of at least a basic dataset is obligatory
for quality assurance purposes.

Inclusion criteria

The study included patients from Germany, Austria,
and Switzerland over a 15-year period (January 1, 2008,
to December 31, 2023). Only children and adolescents
aged 1 to 16 years were included. Transfers between hos-
pitals to higher-level care centres were excluded. Only
data from the core collective were analysed. To exclude
patients with minor injuries, only those with a Maximal
Abbreviated Injury Scale (MAIS) score >3 or those with
a MAIS score>2 who required ICU treatment or died
were included.

Definition of massive transfusion

The definition of massive transfusion in paediatric
patients is not uniform. In line with commonly applied
criteria, massive transfusion was defined as the transfu-
sion of blood products estimated at least one blood vol-
ume within 24 h or half a blood volume within 12 h [18,
19]. As individual body weights were not available in the
TraumaRegister DGU® and RBC unit volumes vary, we
derived pragmatic, age-specific thresholds for the num-
ber of RBC units corresponding to the following defini-
tions: 2 RBC units for the age of 1-2 years; 3 RBC units
for the age of 3—4 years; 4 RBC units for the age of 5-6
years; then increase by 1 RBC unit per year until reaching
10 units at age 12 (the commonly used adult threshold
for massive transfusion).

Statistical analysis

Descriptive analysis of the study cohort was performed,
with data presented as absolute numbers and percent-
ages. Metric data are presented as mean with standard
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deviation (SD). Parameters included baseline characteris-
tics, as well as details regarding the severity and location
of injuries. An Abbreviated Injury Scale (AIS) score>3
was classified as a serious injury, while an Injury Sever-
ity Score (ISS)>16 was considered indicative of severe
multiple trauma. Polytrauma was defined according
to the Berlin definition as injuries affecting at least two
body regions with an AIS score>3, accompanied by at
least one physiological deterioration parameter (systolic
blood pressure<90 mmHg, Glasgow Coma Scale<38,
base excess < —6.0 mmol/L, coagulopathy (INR>1.4 or
PTT>40 s), or body temperature <34 °C) [20]. High-
energy trauma was defined as injuries resulting from
motor vehicle collisions, motor bike accidents, or falls
from a height of >3 m.

The chi-square test was used for categorical data, com-
paring patients with and without transfusions; metric
data were compared with the Mann—-Whitney U-test. A
p-value <0.05 was considered statistically significant.

Finally, a multivariate logistic regression analysis with
transfusion as the dependent variable was performed,
including potential predictors from the univariate
analysis. Since several parameters differed significantly
between patients with and without transfusion, trauma
experts assessed if they were clinically present for EMS
at the emergency scene or only in the early in-hospital
phase before validation in the multivariate regression
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analysis. This resulted in two prediction models: one for
the prehospital phase and one for the early in-hospital
phase (trauma room), with the latter including AIS and
ISS. The results are presented as adjusted odds ratios
(ORs) with 95% confidence intervals. Variables with an
OR>2.0 were used to build a simple point score: 1 point
if the OR was 2.0-3.0 and 2 points if the OR was>3.0.
Receiver operating characteristic (ROC) curve analysis
was then performed to assess the predictive accuracy of
the score. The area under the ROC curve was presented
with 95% confidence intervals.

Statistical analyses were conducted using SPSS (version
29, IBM Inc., Armonk, NY, US).

Results

Study cohort

Overall, 11,849 patients of 569 hospitals were included
in the study, with blood transfusions performed in 5.9%
of cases. If patients were transfused, they received 4.1
(SD 8.8) RBC units on average. The transfusion rate
remained relatively stable across different age catego-
ries, ranging from 4.2% in 12-year-olds to 8.0% in 1-year-
olds (Fig. 1). The mean age of the included patients was
9.6 years (SD 4.5). However, the absolute number of
transfusions increased significantly in older children and
adolescents, who accounted for 51% of all transfusions
(age>11-16 years, n=358, p<0.001).

2500
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Number of patients

1000

—=@=" of transfused patients

500
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Fig. 1 Graph showing the number of patients and the transfusion rate for each age
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According to the above-mentioned definitions, a mas-
sive transfusion was administered in 117 cases (0.99%)
which assembles 16.7% of all transfused patients. The age
distribution of cases with massive transfusion is shown
in supplemental Table 1. In children, massive transfusion
was associated with a significantly higher mean ISS (41.4
vs. 34.1 with transfusion and 14.5 without) and a higher
mortality rate (64.1% vs. 36.8% and 2.8%, respectively).

The majority of patients were treated in level 1 or 2
hospitals, while only a small minority (<1%) received
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transfusions in level 3 hospitals. The mean transporta-
tion time from scene to hospital was 59.9 min (SD 26.2,
n=9,185). Baseline characteristics and the underlying
trauma mechanisms are shown in Table 1.

Injury severity

In total, 42.6% of patients suffered from severe trauma,
defined as an ISS>16 (mean ISS 15.7, SD 11.2;
n=11,849), while only 8.4% met the Berlin definition of
polytrauma. The risk of death based on the Revised Injury

Table 1 Basic characteristics and overview of underlying trauma mechanisms

Parameters All patients No transfusion Transfusion p-value
(n=11,849) (n=11,147) (n=702)
Age (vears) <.001
Toddler [1-5 years], n (%) 2,634 (22.2) 2458 (22.1) 176 (25.1)
School child [6-10 years], n (%) 3,256 (27.5) 3,088 (27.7) 168 (23.9)
Adolescents [11-15 years], n (%) 5,959 (50.3) 5,601 (50.2) 358 (51.0)
Sex(n=11,838) 026
Male, n (%) 7444 (62.9) 7,031 (63.1) 413 (58.9)
Died in hospital 571 (4.8) 313(2.8) 258 (36.8) <.001
Trauma mechanism <.001
Motor vehicle accident, n (%) 1,320 (11.3) 1,188 (10.8) 132 (19.1)
Motorcycle accident, n (%) 736 (6.3) 685 (6.3) 51(74)
Bicycle accident, n (%) 1,833 (15.7) 1,750 (16.0) 83(12.0)
Pedestrian accident, n (%) 2,331 (20.0) 2,198 (20.1) 133(19.2)
Fall from a height of =3 m, n (%) 2,043 (17.5) 1,899 (17.3) 144 (20.8)
Fall from a height of <3 m, n (%) 1,632 (14.0) 1,602 (14.6) 30(4.3)
Others, n (%) 1,748 (15.0) 1,630 (14.9) 118 (17.1)
Severe trauma types
High energy trauma 4,099 (34.6) 3,772 (32.7) 327 (40.4) <.001
Traffic-associated accidents 6,576 (55.5) 6,143 (55.1) 433 (61.7) <.001
Penetrating trauma 334(2.8) 276 (2.5) 58(8.3) <.001
Violence-associated trauma 156 (1.3) 129 (1.2) 27 (3.8) <.001
Level of hospital care
Basic hospital care (Level 3) 784 (6.6) 765 (6.9) 19(2.7) <.001
Specialized hospital care (Level 2) 3,008 (25.4) 2,903 (26.0) 105 (15.0) <.001
Comprehensive hospital care (Level 1) 8,057 (68.0) 7479 (67.1) 578(82.3) <001
Helicopter emergency medical service transporta- 3,335(29.2) 3,040 (28.3) 295 (43.6) <.001
tion
Trauma severity
1SS=>16,n (%) 5,048 (42.6) 4,405 (39.5) 643 (91.6) <.001
Polytrauma, n (%) 995 (8.4) 630 (5.7) 365 (52.0) <.001
Single trauma, n (%) 6,591 (55.6) 6,333 (58.8) 258 (36.8) <.001
Abbreviated injury scale
AlS head =3, n (%) 4,321 (35.5) 3,901 (35) 420 (59.8) <.001
AlS thorax >3, n (%) 2,366 (20.0) 2,006 (18) 360 (51.3) <.001
AlS abdomen =3, n (%) 1,330(11.2) 1,075 (9.6) 255(36.3) <.001
AlS extremities > 3, n (%) 2,678 (22.6) 2,390 (21.4) 288 (41.0) <.001

Data are presented as absolute numbers and percentages. Data points were available in 11,643 cases for trauma mechanisms and in 11,423 for helicopter emergency
medical service transportation, respectively. All other parameters were available in all included patients. Statistical significance refers to the difference between
transfused and non-transfused patients per each parameter. P-values were calculated using the chi-square test

AlS abbreviated injury scale, ISS injury severity scale
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Severity Scale II (RISC II) was 34.7% (n=702) and 3.4%
(n=11,147) in transfused and non-transfused patients,
respectively [21]. The mean ISS of non-transfused patients
was 14.5 (SD 9.7), whereas transfused patients had a sig-
nificantly higher mean ISS of 34.1 (SD 16.2; p<0.01).
While children with polytrauma (Berlin definition)
reached the highest specificity for transfusion (94.3%),
the sensitivity remained low (52%). The ISS offered a low
specificity (60.5%) but a high sensitivity (91.6%). Overall,
with the exception of an ISS > 16 (positive predictive value
(PPV) 63.2%), the PPV of single parameters remained low
(Table 2). The highest transfusion rates were observed
in children with head and thoracic injuries, followed by
extremity and abdominal injuries (Table 1).

An AIS>3 did sufficiently discriminate between
transfused and non-transfused patients, which was par-
ticularly evident for abdominal injuries. Most patients
(63.7%) with abdominal lesions were categorised as
AIS <3. Nevertheless, robust statistical differences were
observed, with significantly more transfused than non-
transfused children across all AIS categories, ISS >16,
polytrauma, and single trauma.

Clinical status of patients and emergency procedures
In total, 33.9% of patients were not alert at the scene, of
whom 15.9% had a Glasgow Coma Scale (GCS) of 9-13,
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and 18% had a GCS<8. Overall, in 23.7% of cases, the
airway was secured via intubation. The transfusion rate
was significantly higher in unresponsive patients (GCS
3-8), those with pathological pupil reactions, and those
requiring intubation (Table 3). Patients with a GCS of
9-13 did not have an increased need for transfusion.

Regardless of age, a systolic blood pressure <90 mmHg
was associated with a higher need for transfusion. At the
scene, the mean systolic blood pressure was 115 mmHg
(SD 26, n=9,278), and the mean heart rate was 102 bpm
(SD 27, n=6,448). These vital signs did not differ at hos-
pital admission (systolic blood pressure: 117 mmHg (SD
24); heart rate: 101 bpm (SD 25). No information on cap-
illary refill time was available.

In total, patients received an average of 464 mL of fluids at the
scene (SD 453, n=11,286) and 768 mL in the resuscitation room
(SD 1027, n=>5,772). Patients requiring transfusion received sig-
nificantly more fluids (scene: 753 mL (SD 779) vs. 446 mL (SD
417); hospital: 2184 mL (SD 2160) vs. 640 mL (SD 731); p<0.001).

Risk prediction

The final multivariate logistic regression model included
10,594 patients of the 11,849 included patients because
only 10,594 had complete data for all variables included
in the regression model. The included parameters of the
regression model are shown in Table 4.

Table 2 Prevalence, specificity, sensitivity, and positive predictive value (PPV) for various clinical predictors of transfusion

Parameters Prevalence (n, %) Specificity (%) Sensitivity (%) PPV (%)
Trauma severity
1SS>16 5,048 (42.6) 60.5 916 63.2
Polytrauma 995 (8.4) 943 52.0 456
[solated injury 6,591 (55.6) 432 36.8 448
Penetrating trauma 334 (2.8) 975 83 174
Violence-associated trauma 156 (1.3) 98.8 38 173
High energy trauma 4099 (34.6) 66.2 46.6 80
Traffic-associated accidents 6576 (55.5) 449 61.7 6.6
Injury pattern (AIS > 3)
Serious head injury 4321 (36.5) 65.0 59.8 9.7
Serious thorax trauma 2366 (20.0) 820 513 15.2
Serious abdominal trauma 1330(11.2) 904 36.3 19.2
Serious extremity injury 2678 (22.6) 786 41.0 10.8
Pre-clinical assessment and interventions
Systolic blood pressure < 90 mmHg 1266 (13.6) 88.1 427 176
Glasgow Coma Scale 3-8 1942 (18.0) 84.6 594 19.8
Volume therapy 8439 (74.8) 256 81.1 6.6
Catecholamine therapy® 434 (6.4) 959 335 40.3
Cardiopulmonary resuscitation 433 (3.8) 975 23.7 376
Tracheal Intubation 2668 (23.6) 79.2 67.8 17.5
Emergency thoracocentesis® 108 (1.6) 99.1 94 454

AlS abbreviated injury scale, ISS injury severity scale
2 Not available in the reduced basic dataset
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Table 3 Contingency tables on indices of the clinical appearance and performed emergency procedures

Parameters No transfusion Transfusion p-value

(n=11,147) (n=702)

Clinical appearance
Systolic blood pressure < 90 mmHg, n (%) 1,043 (11.9) 223 (42.7) <0.001
Glasgow Coma Scale <0.001
14-15,n (%) 6,956 (68.6) 176 (27.2)
9-13,n (%) 1,624 (16.0) 86 (13.3)
3-8, (%) 1,558 (15.4) 384 (59.4)

Pupillary light responsiveness <0.001
Normal, n (%) 7,095 (88.3) 273 (49.1)
Delayed, n (%) 605 (7.5) 95 (17.1)
None, n (%) 333 (4.1) 188 (33.8)

Pupillary size <0.001
Regular size, n (%) 10,052 (92.8) 434 (63.8)
Anisocoria, n (%) 343 (3.2) 62(9.1)
Bilaterally dilated, n (%) 438 (4.0) 184 (27.1)

Emergency procedures
Volume therapy, n (%) 7,882 (74.4) 557 (81.1) <0.001
Catecholamine therapy, n (%) 259 (4.1) 175 (33.5) <0.001
Cardiopulmonary resuscitation, n (%) 270(2.5) 163 (23.7) <0.001
Tracheal Intubation, n (%) 2,202 (20.8) 466 (67.8) <0.001
Emergency thoracocentesis, n (%) 59(0.9) 49 (94) <0.001

Data are presented as absolute numbers and percentages. Volume therapy was defined as the administration of at least one unit of fluid (500 mL of crystalloids or
colloids). Data was available for Glasgow coma scale in 10,784 cases, for pupillary light responsiveness in 8,589 cases, for pupillary size in 10,486 cases, volume therapy
6,775 cases, catecholamine therapy in 6,775 cases, cardiopulmonary resuscitation in 11,286 cases, tracheal intubation in 11,286 cases and thoracocentesis in 6,775
cases. All other parameters were available in all included patients. Statistical significance refers to the difference between transfused and non-transfused patients per
each parameter. P-values were calculated using the chi-square test based on contingency tables

Table 4 Results of the multivariate logistic regression analysis

Parameters Adj. Odds ratio 95%-confidence interval Weighting
Injury severity
Polytrauma 4.18 3.26-534 2
Thoracic AIS= 3 1.19 0.95-1.49
Abdominal AlS = 3 4.18 3.34-524 2
Glasgow Coma Scale
9-13 1.38 1.03-1.86
3-8 249 1.85-3.36 1
Type of injury
Penetrating 4.32 2.96-6.30 2
High energy trauma 1.55 1.28-1.87
Emergency procedures
Endotracheal Intubation 2.51 1.93-3.28 1
Cardiopulmonary resuscitation 246 1.84-3.28 1

AlS Abbreviated injury scale

The transfusion rate increased significantly from 7.4% (2
points) to 21.6% when 3 points were achieved (Fig. 2). If 5 or
more points were reached, the transfusion rate exceeded 50%.
In the model restricted to prehospital parameters, the trans-
fusion probability was lower but increased also consistently

with higher score points, from 1.6% at 0 points to 72.2% at 7
points (Fig. 2), indicating a stepwise relationship between the
number of positive predictors and transfusion risk.

ROC analysis of all parameters with significant pre-
dictive power yielded an AUC of 0.87 [0.85-0.88] for
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Fig. 2 Cumulative transfusion rate based on the scoring point derived from the logistic regression analysis. The blue bars demonstrate
the predictive power of all significant parameters while the red bars show only the results of the parameters available at the scene of emergency
(penetrating injury, prehospital need for intubation, prehospital need for resuscitation, GCS 3-8). Abbreviation: AlS=Abbreviated injury scale;

CPR=Cardiopulmonary resuscitation

transfusion prediction, whereas predictive performance
was lower but still acceptable when only parameters
available in the prehospital setting were included (AUC
0.80 [0.78-0.82], Fig. 3). In the latter model, all AIS-
related parameters and the variable “polytrauma accord-
ing to the Berlin definition” were excluded.

Discussion

This study reviewed several predictors of early in-hos-
pital transfusions in a large paediatric trauma cohort of
11,849 patients. It demonstrated that early assessment
of clinically apparent parameters can sufficiently predict
the need for transfusion in children. The highest risk for
transfusion was observed in patients with penetrating
trauma, abdominal injuries, and polytrauma, followed by
those who were unconscious, required tracheal intuba-
tion, or underwent cardiopulmonary resuscitation.

A notable strength of this study lies in the high num-
ber of patients included, a crucial consideration given the
limited number of paediatric trauma cases where transfu-
sion was needed and the paucity of prospective studies in
this domain. The observed transfusion rate is consistent
with data from the US National Trauma Databank, which
reported a transfusion rate of 4% within the first 24 h
after hospital admission [22]. Like the data presented, a
higher absolute number of transfusions was observed in
older children and adolescents, severely injured patients

(ISS > 25), and unresponsive patients, making the results
comparable to those in the US population.

While massive transfusion represents a clinically rel-
evant endpoint in trauma resuscitation, its occurrence
in paediatric trauma remains rare [18, 19]. In our cohort,
only 117 (0.99%) patients met commonly used massive
transfusion thresholds, corresponding to approximately
eight cases per year. This low number precluded robust
statistical modelling and underscores why focusing
exclusively on massive transfusion would not adequately
capture the clinical reality of paediatric trauma care.
Moreover, the stepwise increase in mortality from non-
transfused patients (2.8%) to transfused patients (36.8%)
and those requiring massive transfusion (64.1%) high-
lights that transfusion itself, not only massive transfu-
sion, is a strong marker of injury severity and outcome.
This study therefore focused on identifying indicators of
early transfusion rather than massive transfusion. Early
recognition of transfusion needs may enable timely acti-
vation of haemostatic strategies, particularly in prehospi-
tal settings where full massive transfusion protocols are
rarely feasible.

Several studies have investigated diagnostic algo-
rithms for predicting transfusions in adults, resulting in
the development of more than 20 scoring tools [23, 24].
In contrast, transfusion prediction in paediatric trauma
care has been studied less. To date, only one other
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large registry study, an analysis of the Trauma Qual-
ity Improvement Project (TQIP), has aimed to identify
intra- and prehospital predictors for transfusion after
paediatric trauma [15]. This study used a Bayesian Belief
Network to predict the probability of in-hospital transfu-
sions in severely injured children. The transfusion rate in
the TQIP study was lower than in the present analysis,
with 2.8% of patients receiving a transfusion within the
first 4 h after hospital admission. The model included 14
parameters and demonstrated a high predictive power
for transfusion. The most influential predictors were GCS
and impaired systolic blood pressure at admission and
at the scene. This finding is particularly relevant because
systolic blood pressure was not adjusted for age, indi-
cating that a blood pressure <90 mmHg is predictive of
transfusion regardless of age, aligning with our study.
However, this finding should be interpreted with cau-
tion as 50% of the patients in our study were older than
10 years, and 27% were aged between 5 and 10 years. This
suggests that while hypotension may be predictive of the
need for transfusion in school-aged children and adoles-
cents, it may not necessarily apply to younger children.
This may also account for the significantly higher trans-
fusion rate in this study, despite these factors not being
independent predictors of transfusion, possibly since
blood pressure and other vital signs were likely optimised

by EMS personnel before hospital admission. Addition-
ally, this might explain why heart rate failed to predict
transfusion in our study and had only a minor impact in
the TQIP study, especially when only prehospital vital
signs were considered. Undisputably, age-adjusted vital
parameters are ideal for the assessment of children’s
hemodynamic status; however, these measurements are
not practically achievable in the early phase of trauma
resuscitation [25, 26]. Therefore, heart rate and blood
pressure do not necessarily comprise important indica-
tors of the need for transfusion, most likely because vital
parameters were not analysed in an age-adjusted manner.
Unfortunately, the capillary refill time, which could have
been an easily assessable option, was not available in the
TraumaRegister DGU®.

As early transfusion, including prehospital transfusion
where feasible, may improve survival, we developed two
predictive models reflecting parameters available at dif-
ferent stages of care: one focusing on predictors primar-
ily accessible in the prehospital setting, and the second
also incorporating parameters such as AIS and ISS that
become available in the early in-hospital phase after radi-
ographic diagnostics. Even though, severe injuries and
multiple trauma accompanied by deterioration of vital
signs can usually be recognised with sufficient accuracy
by EMS, a calculation of the ISS (or AIS) is not possible
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in the pre-hospital setting. It should be noted that the
prehospital teams involved in administering RBC trans-
fusions commonly are not regular ground EMS units, but
highly experienced advanced practitioners, such as heli-
copter EMS (HEMS) and specialised physician-staffed
services. These teams are trained to recognise patterns
of severe injury, and indicators such as low GCS or the
need for intubation are strongly associated with both
HEMS activation and a high likelihood of major head
injury recognition. Nevertheless, studies have shown
that only about half of abdominal injuries are correctly
identified by HEMS, underlining the need for radiologic
diagnostics [27, 28]. For this reason, abdominal AIS were
only included in the in-hospital prediction model. Even
though the model’s predictive power increased after
adding abdominal AIS and an ISS>16, the prehospital
parameters alone already provided acceptable predic-
tive performance. In this context, it should be noted that
the positive predictive value of individual parameters
remains limited; however, their combination may allow
for a clinically meaningful and reliable prediction of
transfusion requirements.

Consistent with our findings, the TQIP registry showed
that only the inclusion of impaired GCS improved the
model’s predictive accuracy (AUC ROC 0.84 vs. 0.87 in
our study), highlighting the importance of GCS assess-
ment. On the other hand, abdominal injuries, the need
for resuscitation, and the presence of multiple injuries
did not improve the Bayesian model, whereas these fac-
tors were among the strongest predictors in our logistic
model. Interestingly, the accident mechanism improved
the predictive accuracy of the TQIP model, whereas the
resulting injuries did not. This may be explained by the
fact that the accident mechanism serves as an early proxy
for injury severity, while the actual injuries often require
time-consuming diagnostics. Since transfusion decisions
must frequently be made before a complete assessment
is available, the accident mechanism might have had a
greater impact on the predictive model. Additionally,
prehospital interventions could have mitigated the effects
of some injuries, further reducing their predictive value.
Finally, it is important to note that the TQIP analysis has
not yet been externally validated.

Low GCS, tracheal intubation, and cardiopulmo-
nary resuscitation showed a lower adjusted OR than the
presence of polytrauma and abdominal and penetrat-
ing trauma. In our opinion, this reflects the underlying
trauma pathophysiology. An impaired GCS is often caused
by severe traumatic brain injury and the subsequent tra-
cheal intubation and/or resuscitation [29]. On the other
hand, multiple, penetrating, and abdominal traumas dis-
play common causes of severe bleeding [22, 24]. In sum-
mary, it is important to understand that with the exception
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of an ISS>16, the positive predictive value of individual
parameters remains low, but their combination allows for
a reliable prediction of transfusion needs. While some
parameters were highly specific but had low sensitivity, the
opposite was true for others. Moreover, the high preva-
lence of certain parameters (e.g., volume therapy) further
reduced the positive predictive value. Therefore, each
patient should be assessed based on multiple transfusion
indicators rather than a single definitive criterion.

This study has several limitations. First and most impor-
tantly, it lacks a validation cohort. This is due to the low
incidence of paediatric trauma requiring transfusion,
which posed a challenge for the study design. A split-
sample approach would have markedly reduced statisti-
cal power and rendered robust modelling impossible. This
challenge is even more evident for massive transfusion,
which is exceedingly rare in children. Additionally, data
quality before 2008 was insufficient, and transfusion strat-
egies may have changed over the past 25 years, making
a historical validation cohort unfeasible. The use of data
from other countries was also not a viable option, as only
5% of the TraumaRegister DGU® data originates from
outside Germany, Austria, and Switzerland. Therefore,
the identified predictors must be regarded as hypothesis-
generating and require external validation in independent
cohorts before clinical application. To develop a reliable
scoring tool, the identified risk factors must first be vali-
dated. Second, the point score cut-offs were derived post
hoc from the observed ORs in our cohort. While this
pragmatic approach allowed for the creation of a sim-
ple and intuitive tool, it may introduce a risk of overfit-
ting. Therefore, the proposed score should be regarded
as exploratory and requires external validation in inde-
pendent datasets before clinical implementation. Third,
children under 1 year of age were excluded due to limited
data availability. However, most children were of school
age or adolescents; therefore, the bias probably has little
impact on the study results. Nevertheless, future studies
should focus on neonates and infants, despite the rarity
of these cases, to better understand their specific clinical
outcomes. Fourth, only limited datasets were available
for lactate and base excess, which have been identified as
potential predictors of transfusion and could be assessed
at the scene using point-of-care devices [13]. Fifth, this
study did not report the amount of blood transfused rela-
tive to the patient’s body weight. Sixth, due to changes in
documentation practices in 2020, with separate record-
ing of transfusions in the trauma bay and operating room
introduced only thereafter, a consistent phase-specific
analysis across the full study period (2009-2023) was not
methodologically feasible. Finally, due to the retrospective
design, the investigators had to rely on the quality of the
documentation within the database.
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Conclusion

In summary, based on a large cohort of 11,849 severely
injured children and adolescents, this study demonstrated
parameters which were predictive for an increased risk for
intrahospital transfusion. When only parameters available
in the prehospital phase were included, the predictive per-
formance of the statistical model was acceptable, whereas
the addition of more specific early in-hospital parameters
such as abdominal AIS and polytrauma (Berlin definition)
resulted in a highly significant model. This information
aids in evaluating the early need for transfusion in these
patients. An impaired GCS proved to be more predictive
than other impaired vital parameters, such as hypoten-
sion or tachycardia, likely due to prior correction by EMS.
Particularly in the case of penetrating trauma or trauma
with need for resuscitation or endotracheal intubation,
the probability of blood loss increases to such an extent
that even the PT of RBC can be considered. Therefore, the
proposed risk factors might help identify children at risk
of an early transfusion requirement after trauma.
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