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Summary
Background: Despite improvements on how to resusci-
tate exsanguinating patients, one remaining key to im-
prove outcome is to expeditiously and reproducibly iden-
tify patients most likely to require transfusion including 
massive transfusion (MT). This work summarizes yet de-
veloped  algorithms/scoring systems for transfusion in-
cluding MT in civilian and military trauma populations. 
Methods: A systematic search of evidence was conducted 
utilizing OVID/MEDLINE (1966 to present) and the ‘Medi-
cal Algorithms Project’. Results and Conclusions: The 
models  developed suggest combinations of physiologic, 
hemodynamic, laboratory, injury severity and demo-
graphic triggers identified on the initial evaluation of the 
bleeding trauma patient. Many approaches use a combi-
nation of  dichotomous variables readily accessible after 
arrival but others rely on time-consuming calculations or 
complex  algorithms and may have limited real-time ap-
plication. Weighted and more sophisticated systems 
 including higher numbers of variables perform superior. 
A common limitation to all models is their retrospective 
nature, and prospective validations are urgently needed. 
Point-of-care viscoelastic testing may be an alternative to 
these systems. 

Schlüsselwörter
Trauma · Blutung · Prädiktion · Modelle · Transfusion

Zusammenfassung
Hintergrund: Trotz deutlicher Verbesserungen im klini-
schen Management schwerstverletzter und blutender Pa-
tienten ist die Früherkennung und die Identifikation von 
Risikopatienten für Bluttransfusionen einschließlich der 
Massentransfusion nach wie vor eine Herausforderung in 
der Akutphase. Die vorliegende Arbeit vermittelt eine 
Übersicht über bislang erarbeitete Modelle und Algorith-
men zur Früherkennung und Stratifizierung von Risikopati-
enten sowohl aus dem militärischen als auch aus dem zivi-
len Traumabereich. Methoden: Eine systematische Suche 
unter Einschluss von OVID/MEDLINE (1966 bis heute) und 
dem «Medical Algorithms Project» wurde durchgeführt. Er-

gebnisse und Schlussfolgerungen: Die hierbei identifizier-
ten Modelle beinhalten in der Regel Kombinationen früh-
zeitig nach Schockraumaufnahme verfügbarer physiolo-
gischer, hämodynamischer und laborchemischer Daten 
sowie Informationen zu Verletzungsschwere und Demo-
graphie. Viele Ansätze benutzen Kombinationen rasch ver-
fügbarer dichotomer Variablen, andere hingegen zeitauf-
wendige Kalkulationen mit sicherlich limitierter Anwend-
barkeit in der klinischen Akutphase. Gewichtete und kom-
plexere Systeme unter Einschluss mehrerer Variablen 
schneiden im Vergleich besser ab. Eine allgegenwärtige 
 Limitierung sämtlicher Ansätze ist die retrospektive Natur 
ihrer Entwicklung und Validierung, und die prospektive 
 Validierung ist dringend notwendig. Viskoelastische Test-
verfahren bieten möglicherweise eine Alternative.
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have been successfully developed and implemented for car-
diac and liver transplant surgery [26, 27]. The included varia-
bles, however, reflect the contrast between the controlled en-
vironment of a planned intervention versus the rather unex-
pected scenario in acute trauma surgery. 

Methods

The present work summarizes and discusses the yet devel-
oped and published algorithms and scoring systems for trans-
fusion including MT in both civilian and trauma populations. 
To develop this review, a systematic search of available scien-
tific evidence was conducted utilizing OVID/MEDLINE 
(1966 to present) and the ‘Medical Algorithms Project’ (www.
medal.org) with selected search terms including combinations 
of flowing key words and terms. In addition, reference lists 
and bibliographies were analyzed for additional relevant 
manuscripts. 

Scoring Systems

Models Based upon Data from Civilian Trauma Patients 

Assessment of Blood Consumption (ABC) Score [28]
This model was developed based upon a retrospective cohort 
(n = 596) of primary civilian trauma patients (level I major 
trauma activations) admitted to a single level I trauma center 
in the USA (2005–2006) and who had survived at least 30 min 
after arrival and who had received any blood transfusions dur-
ing their hospitalization [28]. The score, which uses non-labo-
ratory and non-weighted parameters (fig. 1, table 1), was cre-
ated by the institution’s trauma faculty based upon their clini-
cal experience of appropriate activation of the trauma center’s 
protocol. Multiple logistic regression modeling evaluated four 

Introduction

Trauma is the leading cause of death worldwide in persons 
under the age of 40 years [1] and accounts for approximately 
10% of all deaths in general [2]. Despite substantial improve-
ments in acute trauma care, uncontrolled hemorrhage is still 
responsible for more than 50% of all trauma-related deaths in 
both civilian and military settings within the first 48 h after 
hospital admission [3]. Clinical observations together with re-
cent research highlighted the central role of coagulopathy in 
acute trauma care [4–10], but rapid identification of patients 
with active ongoing bleeding requiring transfusion or even 
massive transfusion (MT) remains unsatisfactory. Substantial 
problems include delayed turn-around times for conventional 
coagulation testing, incomplete characterization, and their 
poor predictive nature not accurately reflecting the patient’s 
true coagulation status [9, 11]. Although international nor-
malized ratio (INR) and base deficit (BD) are good predictors 
of mortality, by themselves, they cannot discriminate between 
patients to may go or not go on for MT. Second, surgical rele-
vant bleeding due to thoracic and/or retro-/ intraperitoneal 
organ injury is difficult to detect and often requires time-con-
suming diagnostics [12]. Thus, significant hemorrhage and co-
agulopathy may be underestimated or even missed during 
early resuscitation [13, 14]. 

Death from traumatic exsanguination usually occurs early, 
typically within the first 6–12 h after initial impact [15–18]. 
Approximately 10% of all trauma patients are transfused with 
at least one unit of blood, and up to 30% of these require MT 
as defined as transfusion of ≥10 units within the first 24 h after 
emergency room admission [19, 20]. On average, one out four 
trauma patients to arrive in the trauma bay is already coagu-
lopathic upon admission [8–10, 13] but incidence rates up to 
60% have been reported according to definition [21]. Thus, 
the early identification of trauma patients at risk for transfu-
sion and MT is of fundamental clinical importance in order to 
rapidly address and correct the acute coagulopathy of trauma, 
including potential triggers, for example acidosis, and hypo-
thermia, to allow early activation of MT protocols and to 
allow early mobilization of resources, for example blood bank 
resources in the civilian setting as well as activation of whole 
blood donation in the military setting [22, 23]. In this issue  
of TRANSFUSION MEDICINE AND HEMOTHERAPY, Meißner and 
 Schlenke [58] provide an excellent review of the current liter-
ature on fluid resuscitation, administration of blood products, 
and hemostatic agents in massive hemorrhage in order to op-
timize patients’ blood and coagulation management during 
acute care.

Meanwhile, several authors have shown that early recogni-
tion of the acute coagulopathy of trauma accompanied by ad-
equate and aggressive management including the balanced 
use of blood components can correct coagulopathy, control 
bleeding, reduce blood product use, and improve outcome in 
severely injured patients [24, 25]. Predictive models for MT 

Fig. 1. Rate of mas-
sive transfusion by 
ABC Score.
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overall accuracy of the ABC score by area under the receiver 
operator curve (AUROC) was 0.859. An ABC score of 2 or 
greater is supposed to be 75% sensitive and 86% specific for 
predicting MT.

Trauma-Associated Severe Hemorrhage (TASH) Score  
[29, 30] 
The TASH Score was initially developed and validated on the 
basis of data from 6,044 severely injured blunt trauma pa-
tients derived from a multicenter civilian trauma database run 

dichotomous components that are available at the bedside of 
the acutely injured patient early in the assessment phase. The 
presence of any one component contributes one point to the 
total score, for a possible range of scores from zero to four. 
The parameters include: penetrating mechanism, systolic 
blood pressure ≤ 90 mm Hg on emergency room arrival, heart 
rate ≥ 120 bpm on emergency room arrival, and positive fo-
cused assessment for the sonography of trauma (FAST) exam. 
MT was defined as the transfusion of ≥ 10 units of packed red 
blood cells (PRBCs) within the first 24 h after admission. The 

Fig. 2. The Trauma-Associated Severe 
 Hemorrhage (TASH) Score: Predicted and 
 observed rates for massive transfusion (MT) 
with increasing TASH Scores.



Transfus Med Hemother 2012;39:85–97Prediction of Transfusion in Severe Injury 89

from a single center administrative trauma database (PWH 
Trauma Registry) [31]. The Prince of Wales Hospital (PWH) 
is a university tertiary referral center located in the New Ter-
ritories of Hong Kong where 95% of the population are Chi-
nese. 92 patients required ≥ 10 units of pRBCs within 24 h and 
met the criteria for MT. Univariate analysis followed by mul-
tivariate stepwise logistic regression identified seven variables 
to predict the need for MT: heart rate ≥ 120 bpm, systolic 
blood pressure ≤ 90 mm Hg, Glasgow Coma Scale (GCS) ≤ 8, 
displaced pelvic fracture, CT scan or FAST positive for fluid, 
BD < 5 mmol/l, hemoglobin ≤ 7 g/dl, and hemoglobin 7.1–10 
g/dl (fig. 3, table 1). Variables were selected based partly on 
previous published work and expert opinion regarding their 
relevance to transfusion and ease of management in the emer-
gency room department. Weighted scores were assigned to 
each variable according to their adjusted odds ratio. At a cut-
off of ≥ 6 points, the overall correct classification for predict-
ing the need for MT is 96.9% while the incidence of MT with 
this value is 82.9%. The AUROC for predicting the need for 
MT using this model is 0.889. 

Vandromme Score [32]
The score suggested by Vandromme and colleagues [32] stems 
from a retrospective analysis of datasets from civilian trauma 
patients admitted to a single verified level I trauma center in 
the USA. Based upon three previous studies of MT in the 
combat setting, clinical characteristics associated with the 
need for MT were extracted from medical records [33–35]. 
Given the experience of the authors with blood lactate (BL) 
in predicting the need for significant transfusion, this parame-
ter was added to the list [36]. The authors have used a classi-
cal split data approach with 306 patients extracted from their 
database to build the development dataset (2005–2007) and 
208 patients to build the validation cohort (2007–2008; total n 
= 514 patients). MT was defined by the administration of at 
least 10 units of pRBCs within 24 h of admission. Univariate 
as well as multiple round multivariate analyses were con-
ducted for selection of the best-fit predictive model for the as-
sociation between admission clinical characteristics and the 
need for ≥ pRBCs within 24 h of admission; the Hosmer-
Lemeshow (HL) goodness-of-fit test was used to determine 
the best-fit model with lower values of the HL statistic sug-
gesting better model fit. Clinical measurements used to create 
the model included: BL ≥ 5 mmol/l, heart rate > 105 bpm, INR 
> 1.5, hemoglobin ≤ 11 g/dl, and systolic blood pressure < 110 
mm Hg (table 1). The best-fit predictive model included ≥ 3 
positive clinical measures (sensitivity: 53%, specificity: 98%, 
PPV (positive predictive value): 33%, NPV (negative predic-
tive value): 99%). There was increasing PPV with increasing 
numbers of positive measurements, and the multivariate 
model including at least four of the five positive clinical pre-
dictors resulted in an overall high AUC (0.91 or greater). The 
discrepancy between the relatively high specificity and NPV 
in contrast to the relatively low sensitivity and PPV, or the 

nationwide by the German Society for Trauma Surgery 
(Trauma Registry of the Deutsche Gesellschaft für Un-
fallchirurgie (TR-DGU)) [29]. Recently, the performance of 
the TASH Score was internally re-validated on data from 
5,834 patients derived from the 2004–2007 TR-DGU database 
[30]. For this update, potential clinical and laboratory varia-
bles documented in the registry were again subjected to bi-
variate and multivariate logistic regression analysis to predict 
the probability for MT during early in-hospital resuscitation 
as a surrogate for ongoing life-threatening hemorrhage. MT 
was defined as the administration of at least 10 units of 
pRBCs between emergency room and intensive care unit 
(ICU) admission. In summary, TASH uses seven independent 
but weighted variables to identify patients who will require a 
MT: systolic blood pressure, gender, hemoglobin, FAST exam, 
heart rate, base excess (BE), and extremity or pelvic fractures 
(fig. 2, table 1). The possible range of the scores is between 0 
and 28 where each point corresponds to a risk for MT in per-
cent. The TASH Score is transformed into a probability for 
MT using a the following logistic function: 

p = 1 / [1 + exp(5.4 – 0.3  TASH)] (1). 

By its recent update, the high performance of the score was 
not only restored but enhanced, as reflected by an increased 
AUROC of 0.905. At a cut-off of > 16 out of 28 points the 
correct classification rate is > 90%. 

Prince of Wales Hospital / Rainer Score (PWH Score) [31]
This model was developed on the basis of a retrospective 
analysis of 1,891 civilian trauma patients (2001–2009) derived 

Fig. 3. The Prince-
of-Wales-Hospital 
(PWH) Score / 
Rainer Score: The 
 incidence of massive 
transfusion stratified 
by risk categories.
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Baker Model [40]
The Baker Model uses a combination of physiologic scoring 
data and injury severity that are readily accessible and easily 
obtained upon arrival in the trauma bay to assess the need for 
transfusion [40]. The model is based upon a retrospective re-
view of 654 consecutive trauma patients over a 6-month period 
(1996–1997) using emergency department records and data for 
type and cross-match (T and C) and emergent blood transfu-
sion which was defined as transfusion within 24 h of presenta-
tion at the emergency department. The setting was a single 
large public hospital and level I trauma center in the USA 
serving a large Hispanic and indigent population. Multivariate 
analysis was performed to identify significant risk factors for 
emergent blood transfusion, and a model was developed for 
predicting the probability of transfusion on the basis of log 
odds ratios of predictive values. Baker and colleagues [40] 
identified four risk factors for transfusion after injury: systolic 
blood pressure < 90 mm Hg, heart rate > 120 bpm, GCS < 9, 
and high-risk injury (trauma to the ventral chest between the 
midclavicular lines, abdominal injury with diffuse tenderness, 
survival of a vehicular crash in which another occupant died, 
vehicular ejection, or penetrating torso injury (fig. 4, table 1)). 
Patients with all four risk factors present upon arrival had a 
100% transfusion rate, three out of four risk factors 68%, two 
out of four 42%, one out of four 12%, and patients with ab-
sence of any of the four risk factors had a 2% transfusion rate 
with no emergent transfusions occurring in the emergency de-
partment. In this series, systolic blood pressure < 90 mm Hg 
demonstrated the highest relative risk for transfusion.

Emergency Transfusion Score (ETS) [41, 42]
The ETS was developed retrospectively via multivariate logis-
tic regression on data from 1,103 emergency room trauma pa-

usefulness in correctly classifying patients who will need a MT 
has been attributed to the low MT rate observed in this study 
(2.4%), because PPV is greatly affected by the prevalence of 
the disease in a given population [37]. All combinations or 
clinical measures alone yielded lower predictive probability. 

Wade Model [38]
The Wade Model was developed retrospectively on data ob-
tained from 17 level I trauma centers across the USA col-
lected for 1,574 patients that had received a transfusion dur-
ing a 1-year period [38]. Multivariate logistic regression was 
used to predict the need for MT from data routinely available 
upon emergency room admission. The model to predict 
whether or not a MT is required was:

log[  / (1 – )] = 1 × SBP + 2  HR + 3  pH + 

4  HCT + 0 (2), 

where the covariates were systolic blood pressure (SBP), 
heart rate (HR), pH, and hematocrit (HCT) and  was the 
probability of MT given the values of the covariates (table 1). 
Fitting the model on the retrospective database gave 1 = 
–0.0113, 2 = 0.0158, 3 = 0.0932, 4 = –0.0395, and 0 = 32.8738, 
based on patients with non-missing values for the covariates 
(n = 838). According to this model, a patient was (not) pre-
dicted to require MT if  > 0.5 (≤ 0.5), resulting in 240 (29%) 
patients positively predicted (PP) to require MT and 598 
(71%) negatively predicted (NP) to require MT. Of the 838 
patients, 322 (38%) actually received MT. This model yielded 
a PP value of 75% and an NP value of 72%, with a sensitivity 
of 87% and a specificity of 53%. 

Moore Model [39]
This model was developed retrospectively using data from a 
unique prospective multicenter (7 level I trauma centers in 
the USA) database including major trauma patients without 
severe brain injury who arrived to the trauma bay in the state 
of shock [39]. There were 383 database patients, 2 out of 3 had 
sustained a blunt trauma, of which 93 (24%) had received a 
MT (defined as pRBC transfusion volume > 3,000 ml during 
the first 6 h after admission). Stepwise multivariate logistic re-
gression analysis revealed the final best fit model which in-
cludes: Injury Severity Score (ISS) ≤ 25 gives 0 points; ISS > 
25 gives 1 point, minimum pH during the first hour of arrival, 
and minimum systolic blood pressure during the first hour 
after arrival in mm Hg (table 1). The probability (p) of MT is 
calculated via the following predictive equation: 

log[p / (1 – p)] = 42.1 + [0.7  (points for ISS)] 
– [5.6  (min pH during 1st hour)] – [0.04  
(min SBP during 1st hour)] (3). 

The performance of the score was expressed via the AUROC 
of 0.804.

Fig. 4. The Baker 
Model: Patients with 
all four risk factors 
present upon arrival 
had a 100% transfu-
sion rate, three out of 
four risk factors 68%, 
two out of four 42%, 
one out of four 12%, 
and patients with ab-
sence of any of the 
four risk factors had a 
2% transfusion rate. 
A high risk injury was 
defined as trauma to 
the ventral chest be-
tween the midclavicu-
lar lines, abdominal 
injury with diffuse 
tenderness, survival 
of a vehicular crash in 
which another occu-
pant died, vehicular ejection, or penetrating torso injury.
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systolic blood pressure (12.9 units) or INR (12.3 units) trig-
gers. Importantly, in comparing between those who met and 
those who did not met each trigger, there was a statistically 
significant difference in total pRBCs received or a trend to-
wards significance in each criteria (except temperature) even 
when the total volumes of pRBCs fell below the MT thresh-
olds. Overall, the individual triggers did not equally contrib-
ute to the predictive value for the need of transfusion. The 
individual triggers each had a high specificity (except BD) and 
NPV for the need for early MT with INR exceeding a 95% 
specificity and 92% NPV. The BD was the least frequently 
(44% of the cohort) obtained parameter of the five triggers 
and, thus, specificity was relatively poor. The accuracy for 
predicting the need for MT for the individual triggers was 
generally high with INR, predicting correctly in 88% of the 
time. The individual triggers had different utilities for deter-
mining who received MT, with INR (odds ratio 11.3 (95% CI 

2.7–47)) and systolic blood pressure (odds ratio 8.5 (95% CI 

3.4–21)) being highly predictive. The likelihood of receiving 
any transfusion was also greatest when the INR trigger was 
exceeded (odds ratio 16.7 (95% CI 2–137)) while the least pre-
dictive criterion was temperature (odds ratio 3.4 (95% CI 

1.5–7.7)). To account for the colinear nature of INR, the like-
lihood of transfusion was also determined for INR and each 
other variable. The highest likelihood of needing a transfu-
sion was observed in those patients matching both INR and 
systolic blood pressure criteria (odds ratio 10.4 (95% CI 2.9–
37.6)), followed by INR and hemoglobin (odds ratio 5.2 (95% 
CI 2.1–13.1)), and INR and temperature (odds ratio 4.6 (95% 
CI 2.0–10.6)). Using an equal weighting approach in 53 pa-
tients (31%) in whom all five triggers were known, when any 
three or more triggers were exceeded, there was a marked 
 increase in pRBCs transfused. 

Models Based upon Data from Military Trauma Patients 

McLaughlin Score [34]
The model was developed in the military setting based upon a 
retrospective cohort (n = 302) from a single combat support 
hospital using univariate and multivariate analyses. Four inde-
pendent risk factors for MT were identified: heart rate > 105 
bpm, systolic blood pressure < 110 mm Hg, pH < 7.25, and 
hematocrit < 32% [34] (fig. 5, table 2). The components of this 
model are non-weighted and are simply identified dichoto-
mously as ‘yes’ or ‘no’. With this model the incidence of MT 
increases from 20% if the patient has one of these variables 
present upon admission to 80% if all four are present. Varia-
bles are assigned values of either 0 or 1 based upon whether 
the value is classified as predictive or not. This algorithm 
yielded an AUC of 0.839. In an independent internal dataset 
(n = 396) the ability to accurately identify patients with com-
bat-related injuries in need for MT was 66% (AUC = 0.747). 
The final predictive equation is: 

tients [41] and prospectively validated on data from another 
subset of 481 emergency room patients [42] admitted to a sin-
gle level I trauma center in Germany over 4 years. A set of 
nine parameters with possible predictive value for the need of 
blood transfusion was recorded. All relevant data to calculate 
this score can be acquired during the first 10 min after arrival 
in the trauma bay. The data underwent logistic regression for 
correlation and the calculation of predictive power. To trans-
form the model into a practical score, all coefficients were 
rounded. The predictive power of the score was evaluated 
based on linear regression equation. This score totals up to 9.5 
points including the following variables: systolic blood pres-
sure < 90 mm Hg (2.5 points), systolic blood pressure 90–120 
mm Hg (1.5 points), FAST positive (2.0 points), clinically un-
stable pelvic ring fracture (1.5 points), age 20–60 years (0.5 
points), age > 60 years (1.5 points), admission from scene (1.0 
points), traffic accident (1.0 points), fall from > 3 meters (1.0 
points (table 1)). The probability for transfusion increased ex-
ponentially with the sum of ETS points, e.g. from 0.7% at one 
point to 5% at three points to 97% at the maximum of 9.5 
points. To establish a practical cut-off point (probability / risk 
of transfusion ≤ 5%) a low-risk group was defined at ETS ≤ 3 
(64% of the entire study group). The sensitivity of the score 
was calculated at 97.5% with a specificity of 68%. The PPV 
was 0.222, the NPV was 0.998. 

Predictive Value of Individual Transfusion Triggers [43]
In their recent work, Callcut and colleagues [43] challenged 
the use of military MT triggers for the civilian population and 
hypothesized that these triggers may not have equal predic-
tability for MT and that a better understanding of the contri-
bution of each would improve the ability to initiate MT proto-
cols earlier. In the clinical setting, patients with significant he-
morrhage are likely to display a variable number of triggers, 
and more precisely defining the predictive utility of each indi-
vidual criterion to determine whether victims will require MT 
or not would substantially support the clinical management of 
acute trauma hemorrhage including appropriate activation of 
MT protocols. For this purpose, datasets from 170 consecutive 
trauma patients admitted to an urban university-based level I 
trauma center in the mid-western USA over a 1-year period 
(October 2007 to September 2008) requiring immediate major 
operative intervention were retrieved from an institutional 
trauma and transfusion database and retrospectively reviewed 
using multivariate logistic regression techniques. Transfusion 
triggers assessed included: systolic blood pressure < 90 mm 
Hg, hemoglobin < 11 g/dl, temperature < 35.5 oC, INR > 1.5, 
and BD ≥ 6 mmol/l (table 1). The cohort was examined to de-
termine the amount of blood transfused solely on these indi-
vidual proposed transfusion triggers. Although a civilian co-
hort of patients was assessed, the principle mechanism of in-
jury in these patients was penetrating (69%). Transfusion of 
pRBCs was observed in 45% (77/170), with the mean number 
of transfused units being highest in those patients meeting 
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log (p / [1 – p]) = 1,576 + (0.825  SBP) 
+ (0.826  HR) + (1.044  Hct) + (0.462  pH) (4).

Larson Model [44]
This model was developed based upon a retrospective review 
of 1,124 combat casualties entered between 2003 and 2008 
into the Joint Theatre Trauma Registry (JJTR) transfusion 
database (US Department of Defense database) who had re-
ceived at least one unit of blood (pRBCs and/or fresh whole 
blood (FWB), predefined as equivalent) during initial resusci-
tation [44]. Of these patients, 420 (37%) had received a MT 
which was defined as ≥ 10 units of pRBCs within 24 h after 
admission. Four data points were included into the analysis of 
the patient´s likelihood of needing an MT. Based upon a re-
view of the literature, variables found to be predictive for an 
MT were heart rate > 105 bpm, systolic blood pressure < 110 
mm Hg, hemoglobin ≤ 11 g/dl, and BD ≤ 6 mmol/l [28–30, 34, 
45] (fig. 6, table 2). For their model, Larson and colleagues 
[44] used a cut-off point for heart rate > 110 bpm for ease of 
remembrance and use. In an attempt to further increase the 
ease of use for the treating physician, Larson and colleagues 
[44] also transformed the aforementioned McLaughlin equa-
tion into a ‘clinical formula’. Both formulas were applied to 
all patients, and the predicted outcomes were compared with 
the incidence of MT. The presence of at least two variables 
produced the most sensitive and specific test (sensitivity 69%, 
specificity 65, PPV 54%, and NPV 78%) with an incidence for 
MT of 54%. Patients predicted but not observed to have had 
MT had an earlier time to death and an increased incidence of 
head injury compared to those predicted and observed to 
have had MT. Vice-versa, patients not predicted but observed 
to have had MT had increased chest, abdominal, and extrem-
ity injuries than those neither predicted nor observed to have 
had an MT. 

Fig. 5. McLaughlin 
Score: Observed per-
centage of MT for 
each number of vari-
ables associated with 
MT.
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selected as cut-off based upon the systolic blood pressure at 
which radial pulse typically switches from strong to weak. In 
the calculation of GCStotal no distinction was made between 
patients who were intubated and those who were not. Like-
wise, the RR used for score calculation with difference be-
tween artificially ventilated and spontaneously breathing pa-
tients. Variables different by univariate analysis underwent 
logistic regression and AUROCs were calculated. By logistic 
regression analysis, probability of an outcome was given by p = 
ek / (1 + ek). In result, the predictive accuracy of the equations 
and of either score was relatively low, with AUROCs of 0.638 
(RTS) and 0.618 (FTS07) for prediction of need for MT. The 
advantage of FTS07 over RTS is its ease of computation. 

Discussion

Exsanguinating hemorrhage is still among the leading causes of 
death in trauma patients, and the majority of these deaths typi-
cally occur within the first 6–12 h after initial injury [3, 15–18]. 
Furthermore, 1 out of 4 trauma patients to arrive in the emer-
gency department is already coagulopathic upon admission [8–
10, 13] but incidence rates up to 60% have been reported ac-
cording to definition [21]. This has led to a new appreciation of 
the acute coagulopathy in trauma care. Recently, improve-
ments in mortality have been observed in patients who had 
been ultimately resuscitated with more balanced ratios be-
tween pRBCs and fresh frozen plasma (FFP) [24, 25]. In conse-
quence, many trauma centers have altered their MT protocols 
to reflect this new resuscitation strategy [50], also referred to as 
‘Damage Control Resuscitation’ [51, 52]. Despite substantial 
improvements in the knowledge on how to adequately resusci-
tate the exsanguinating patient, one of the remaining and fun-
damental issues to improve the outcome remains the early 
identification of patients in the need for transfusion including 
those requiring MT. Although criteria that trigger the activa-
tion of MT protocols remain highly center- and provider-de-
pendent, the benefits of timely MT protocol activation, the 
identification of appropriate patients given, have been fre-
quently demonstrated [28, 53]. Early, reliable prediction of the 
need for MT is necessary to maximize mortality benefits from 
resuscitation. Vice-versa, there still remains considerable con-
cern about the inappropriate use of MT protocols in patients 
not in the need of MT as unnecessary exposure of the injured 
host to blood component therapy may cause harm to this popu-
lation. Though blood transfusion has the obvious benefit of 
volume restoration and improved oxygen carrying capacity in 
the injured patient, there are quite a few risks and immunosup-
pressive and infectious consequences associated with blood 
products including transfusion reaction, transmission of blood-
borne pathogens, and the impact of limited supply. For these 
reasons, there has been a trend to restrict transfusion in non-
urgent clinical settings and to limit transfusion to ongoing and 
imminently life-threatening situations. 

Schreiber Model [46]
To develop their model, Schreiber and colleagues [46] per-
formed a retrospective cohort analysis including 558 combat 
victims at two level III combat support hospitals (CSH) in 
Iraq [46]. 247 (44.3%) patients required MT and 311 did not. 
MT was defined as delivery of ≥ 10 units of a combination of 
stored pRBCs and FWB in the first 24 h after injury. Eight 
potentially predictive variables were subjected to univariate 
analysis, and variables associated with the need for MT were 
then subjected to stepwise logistic regression. Variables that 
independently predicted the need for MT were: hemoglobin  
≤ 11 g/dl, INR > 1.5, and the penetrating mechanism of injury 
(table 2). The single most predictive variable for MT was he-
moglobin ≤ 11 g/dl with an odds ratio of 7.7. Using these three 
variables as a predictive model, the AUROC was 0.804 and 
the HL goodness-of-fit test was 0.98. 

Revised Trauma Score (RTS) and the Modified Field Trage 
Score (FTS07) to Predict MT [47]
Cancio and colleagues [47] retrospectively reviewed and com-
pared the RTS and the modified FTS07 for accuracy in predic-
tion of need for MT (≥ 10 units of pRBCs or FWB) in 536 
combat casualties admitted to level III US CSH in Iraq [47]. 
The RTS, adopted from Champion et al. [48] is based on phys-
iology rather than on knowledge of anatomy and severity of 
injury including three weighted parameters: GCS, systolic 
 arterial blood pressure, and respiratory rate (RR) (table 2). 
These three variables are recorded into integers between 0 and 
4 and then inserted into an equation: RTS = 0.9368  GCScode + 
0.7326  SBPcode + 0.2908  RRcode. For military purposes, 
Eastridge and colleagues [49] recently introduced a user-
friendly modified FTS07 of the earlier published FTS using 
GCStotal < 8 and SBP < 100 mm Hg as cut-points (table 2), with 
a range of 0 to 2. A systolic blood pressure < 100 mm Hg was 

Fig. 6. Larson 
Model: MT rates asso-
ciated with multiple 
variables present in 
the model.
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amination and easy accessible hemodynamic monitoring the 
majority of variables for the scores are available during initial 
trauma work-up and may assist in rapid identification of those 
at risk for transfusion including MT, thus allowing resources to 
be quickly activated. In this context, however, it needs to be 
recognized that INR and BD are good predictors of mortality, 
but, by themselves, they cannot discriminate those who will (or 
will not) go on to receive MT. Furthermore, FAST examina-
tion depends on the skill of the user and may lose sensitivity 
due to the body habitus or injury pattern. 

The overall accuracy between the scores ranged between 
AUC 0.804 and AUC 0.905, with weighted scores (TASH and 
PWH) in general performing superior over non-weighted 
scores. For example, the rates for correct classification for MT 
were > 90% with TASH > 16 [29, 30], and 96.9% with PWH ≥ 
6 [31]. For the weighted ETS the probability for transfusion 
increased exponentially with the sum of ETS points (1 point = 
0.7%, 3 points = 5%, maximum 9.5 points 97%) [41, 42]. 
These authors also defined a cut-off for low risk (probability/
risk of transfusion ≤ 5%) at ETS ≤ 3 with a sensitivity of 
97.5%, a specificity of 68%, a PPV of 0.222, and a NPV of 
0.998. For non-weighted scores, the likelihood for MT relied 
upon the number of predictive triggers present. For example, 
two or more factors had to be present with the ABC Score 
before the score would accurately (85% of the time) predict 
who had received MT [28]. These observations correspond to 
the recent work by Callcut and colleagues [43], suggesting in-
dividual triggers to have differential predictive values for the 
need of transfusion. These authors had included systolic blood 
pressure < 90 mm Hg, hemoglobin < 11 g/dl, temperature < 
35.5 °C, INR > 1.5, and BD ≥ 6 into their analysis and found 
that the triggers did not contribute equal predictive values for 
the need of transfusion, with INR being the most predictive 
for any transfusion and highly predictive for the need of MT. 
If patients met either INR or systolic blood pressure cut-offs 
alone, they were likely to receive MT.

For practical combat reasons, the scoring systems and algo-
rithms derived from the military [34, 44, 46, 47] were inten-
tionally kept simple, were in general non-weighted, and in-
cluded a maximum of four variables as shown in table 2. Simi-
lar to the civilian setting, systolic blood pressure was included 
in 4/5 systems, hemoglobin/hematocrit in 3/5, and heart rate in 
2/5. In result, the predictive accuracy of these scores was rela-
tively low with AUROCs ranging between 0.618 and 0.747. 

A major and common limitation to all scoring systems and 
algorithms identified here, with one exception, is their retro-
spective nature. All systems have been developed retrospec-
tively based upon datasets derived from single or multicenter 
civilian or military databases. Some models have been devel-
oped using a classical data split approach with half of the da-
taset used for development and the other half for internal 
validation [29, 32]. Meanwhile, some scores and algorithms 
have been internally re-validated on data from the same data-
base, for example the TASH [30] or the McLaughlin Score 

Over the past few years, a considerable number of scoring 
systems have been developed and introduced for the initial 
evaluation of the bleeding trauma patient in both civilian [28–
32, 38–43] and military settings [34, 44, 46, 47]. The purpose of 
the present work was to review published data on early pre-
dictors as well as scoring systems and algorithms for the need 
for transfusion including MT after trauma. These systems may 
provide clinically useful information that potentially gives 
freedom to providers to deviate from established algorithms 
toward the more aggressive and early use of blood products 
with the assumption that early product use improves out-
comes. These scoring systems could be used to guide the acti-
vation of MT protocols and could help providers of all experi-
ence levels know when it is likely that the patient will require 
a MT. Lastly, these systems may be used in research in strati-
fying patients for trials of blood substitutes or other interven-
tions and in quantifying the success of such trials. 

The scoring systems developed so far usually suggest com-
binations of physiologic, hemodynamic, laboratory, injury se-
verity, and demographic triggers identified on the initial eval-
uation of the bleeding trauma patient. Many of the scoring 
systems presented here use a combination of dichotomous 
variables that are obtained rapidly in the trauma bay and are 
readily accessible after the patient’s arrival [28–32, 40–43], but 
others rely on time-consuming mathematical calculations or 
complex scoring algorithms that are required to determine the 
patients who will need MT [38, 39] and may thus have limited 
real-time application. 

The most commonly proposed triggers that were corre-
lated with the need for transfusion including MT in the civil-
ian setting are shown in table 1 and include systolic blood 
pressure which is present in 9/9 scoring systems, followed by 
heart rate (present in 6/9 scoring systems), hemoglobin/hema-
tocrit (present in 4/9 scoring systems), and FAST positive 
(present in 4/9 scoring systems). Parameters that can be 
quickly obtained via point-of-care (POC) arterial blood gas 
analyzers, for example BE/BD, lactate and pH, are included 
in 6/9 civilian scoring systems. Six out of 9 systems consider 
anatomical injury including its magnitude or mechanism of in-
jury as component of their assessment. However, the severity 
of injury as reflected by the ISS or the overall pattern of the 
anatomical injury may be difficult to calculate and to assess 
during initial assessment. 

Interestingly, the INR which reflects the coagulation status 
as variable to predict transfusion is only present in 2/9 systems. 
In the majority of systems, rapid availability of the information 
was a substantial prerequisite for a particular parameter to be 
potentially considered as a score component. For example, 
Rainer et al. [31] for their PWH Score intentionally did not 
consider specific laboratory tests indicating potential presence 
of coagulopathy, for example hematocrit, prothrombin time 
(PT), activated partial thromboplastin time (aPTT) and plate-
let counts, due to unavailability of POC tests in their setting. 
Vice-versa, with rapid POC testing together with physical ex-
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score at each institution. The sensitivity and specificity for the 
ABC score predicting MT ranged from 75 to 90% and 67 to 
88%, respectively. Correctly classified patients and AUROCs, 
however, were 84–87% and 0.83–0.90, respectively. Recently, 
Mitra and colleagues [55] compared the performance of the 
PWH Score [31] to the ABC [28] and TASH Scores [29, 30] 
by a retrospective review of a subgroup of major trauma pa-
tients (n = 1,234) derived from The Alfred Trauma Registry 
(Victoria/Australia). In this analysis, the performance of the 
TASH was best with an AUROC of 0.8986, followed by the 
PWH Score (AUROC = 0.8419) and the ABC Score.

Our own group recently applied a total of seven scores and 
algorithms to predict transfusion in trauma patients, i.e. ABC, 
Baker, Larson, PWH, Schreiber, TASH and Vandromme 
Scores, onto a large subset of trauma patients derived from 
the most updated database of the TR-DGU (n = 7,042; manu-
script in preparation). This extract included data from adult 
severely injured trauma patients (ISS > 16) with all variables 
present from each patient to calculate all seven scores. Al-
though we had initially attempted to validate all scores on our 
database, the remaining scores had to be excluded from this 
analysis due to missing or non-captured data within our regis-

[34]. The only score that has been prospectively validated on 
data from a subset of 481 emergency room patients is the ETS 
[42]. The Prospective, Observational, Multicenter Massive 
Transfusion Study (www.uth.tmc.edu/cetir/PROMMTT/) is 
currently underway and is designed to compare the ability of 
the Larson Model [44] to predict the need for MT with the 
predictive ability of the trauma surgeon’s clinical judgment. 

To date, several systems and algorithms have been applied 
onto other external but also retrospective datasets and have 
thus been externally validated. In developing their ABC 
Score, Nunez et al. [28], for example, have applied both the 
TASH  and the McLaughlin Score onto their local trauma 
center database including 596 trauma patients for score com-
parison [28]. In result, all three scores (TASH AUROC = 
0.842; McLaughlin AUROC = 0.846; ABC AUROC = 0.842) 
were considered as equally good predictors for MT without a 
statistically significant difference between the scores. In an-
other retrospective study, Cotton and colleagues [54] applied 
the ABC Score on adult trauma datasets from three different 
level I trauma centers in the USA (n = 513 from trauma 
center 1; n = 373 from trauma center 2; and n = 133 from 
trauma center 3) and compared the predictive ability of the 

Fig. 7. Validation of seven predictive models 
on one dataset (n = 7,042) derived from the 
TR-DGU (Trauma Registry of the Deutsche 
Gesellschaft für Unfallchirurgie): The TASH 
Score was internally re-validated while all 
other scores were externally validated. The two 
weighted scores (TASH and PWH/Rainer) 
performed best while ABC Score and Baker 
Model perfomed less accurate.
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Conclusion

The early recognition of the acute coagulopathy of trauma ac-
companied by adequate and aggressive management including 
the balanced use of blood components can correct coagulopa-
thy, control bleeding, reduce blood product use, and improve 
outcome in severely injured patients. Despite improvements in 
knowing how to resuscitate exsanguinating patients, one of the 
remaining keys is to expeditiously and reproducibly identify 
the patients most likely to require transfusion including MT. 
The present work summarizes the yet developed and pub-
lished algorithms and scoring systems for transfusion including 
MT in both civilian and trauma populations. The models de-
veloped so far usually suggest combinations of physiologic, he-
modynamic, laboratory, injury severity, and demographic trig-
gers identified on the initial evaluation of the bleeding trauma 
patient. Many of the scoring systems use a combination of di-
chotomous variables that are obtained rapidly in the trauma 
bay and are readily accessible after the patient’s arrival, but 
others rely on time-consuming mathematical calculations or 
complex scoring algorithms and may thus have limited real-
time application. In general, weighted and more sophisticated 
systems including higher numbers of variables perform supe-
rior over simple non-weighted models. A major and common 
limitation to all models is their retrospective nature, and pro-
spective validations are urgently needed. In this context the 
predictive nature of individual triggers should be considered in 
order to improve the accuracy of the models. The best per-
formance of any model developed to date is reflected by an 
AUROC of 0.905 and 0.91 (TASH and Vandromme Score). 
POC viscoelastic testing may be an alternative to these sys-
tems to early recognize trauma-induced coagulopathy with the 
risk of ongoing hemorrhage and transfusion. 
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try for model calculation. For the TASH Score, this analysis 
served again as an internal validation while all other scores 
were externally validated by being subjected to our datasets. 
Not surprisingly, the TASH performed best (AUROC 0.890) 
followed by the PWH Score (Rainer Score) which is also  
a weighted score with structure and content variables very 
 similar to the TASH Score (fig. 7). In this analysis, the non-
weighted ABC Score and the Baker Model performed less 
accurate with AUROCs of 0.779 and 0.768, respectively.

An alternative to scoring systems and algorithms to early 
recognize trauma-induced coagulopathy with the risk of ongo-
ing hemorrhage and transfusion requirement is the early use of 
viscoelastic testing methods [56]. Cotton and colleagues [56] 
recently presented results from a pilot study in which they had 
prospectively evaluated the timeliness of real-time rapid 
thrombelastography results (r-TEG), their correlation with 
conventional coagulation tests, and the ability of r-TEG to 
predict early blood transfusion in 272 consecutive major 
trauma activations over a 5-month period. Early r-TEG values 
(activated clotting time (ACT), k-time, and r-value) were 
available within 5 min and late r-TEG values (maximal ampli-
tude and -angle) within 15 min, in contrast to results from 
conventional coagulation testings with turn-around times of 48 
min on average. ACT, r-value, and k-time showed strong cor-
relations with later incoming results from conventional test-
ings, and linear regression demonstrated ACT to predict the 
need for RBCs, plasma, and platelet transfusions within the 
first 2 h of arrival. In addition, ACT < 105 s predicted patients 
who did not receive any transfusions in the first 24 h. Similar 
results have been reported by Davenport and colleagues [57]. 
In their study a threshold of clot amplitude of ≤ 35 mm at 5 
min of rotational thrombelastometry was indicative for acute 
traumatic coagulopathy and the need for transfusion including 
MT. This true POC viscoelastic testing may offer the unique 
potential to predict transfusion even faster as compared to 
scoring systems involving conventional coagulation testing and 
to activate and guide resuscitations more objectively. A recent 
retrospective analysis of major trauma patients revealed low 
FibTEM amplitudes (<4 mm) and/or low ExTEM amplitude 
at 10 min (CA 10) to be highly predictive for MT [59].
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