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Early identification of the need for major 
intervention in patients with traumatic 
hemorrhage: development and internal validation 
of a simple bleeding score

Background: Failure to rapidly identify bleeding in trauma patients leads to sub-
stantial morbidity and mortality. We aimed to develop and validate a simple bed-
side score for identifying bleeding patients requiring escalation of care beyond 
initial resuscitation.

Methods: We included patients with major blunt or penetrating trauma, 
defined as those with an Injury Severity Score greater than 12 or requiring 
trauma team activation, at The Ottawa Hospital from September 2014 to 
September 2017. We used logistic regression for derivation. The primary out-
come was a composite of the need for massive transfusion, embolization or sur-
gery for hemostasis. We prespecified clinical, laboratory and imaging predic-
tors using findings from our prior systematic review and survey of Canadian 
traumatologists. We used an AIC-based stepdown procedure based on the 
Akaike information criterion and regression coefficients to create a 5-variable 
score for bedside application. We used bootstrap internal validation to assess 
optimism-corrected performance.

Results: We included 890 patients, of whom 133 required a major intervention. 
The main model comprised systolic blood pressure, clinical examination findings 
suggestive of hemorrhage, lactate level, focused assessment with sonography in 
trauma (FAST) and computed tomographic imaging. The C statistic was 0.95, 
optimism-corrected to 0.94. A simplified Canadian Bleeding (CAN-BLEED) score 
was devised. A score cut-off of 2 points yielded sensitivity of 97.7% (95% confi-
dence interval [CI] 93.6 to 99.5) and specificity 73.2% (95% CI 69.9 to 76.3). An 
alternative version that included mechanism of injury rather than CT had lower 
discriminative ability (C statistic = 0.89). 

Conclusion: A simple yet promising bleeding score is proposed to identify high-
risk patients in need of major intervention for traumatic bleeding and determine the 
appropriateness of early transfer to specialized trauma centres. Further research is 
needed to evaluate the performance of the score in other settings, define interrater 
reliability and evaluate the potential for reduction of time to intervention. 

Contexte : Les délais dans la détection des saignements actifs chez les patients en 
traumatologie entraînent une morbidité et une mortalité élevées. L’objectif était 
d’élaborer et de valider une échelle simple, à utiliser en contexte clinique pour repérer 
les patients qui présentent un saignement actif et qui nécessitent une intensification 
des soins après la réanimation initiale.

Méthodes : Les critères d’inclusion étaient les suivants : admission à l’Hôpital 
d’Ottawa entre septembre 2014 et septembre 2017 pour un traumatisme contondant 
ou pénétrant, et score de gravité de la blessure supérieur à 12 ou mobilisation de 
l’équipe de traumatologie. Nous avons fait la dérivation par régression logistique. 
Le principal critère d’évaluation était la nécessité d’une transfusion massive, d’une 
embolisation ou d’une opération pour rétablir l’hémostase. Nous avons établi les 
facteurs prédictifs décelables en clinique, en laboratoire et à l’imagerie en fonction 
des résultats que nous avons obtenus dans le cadre d’une revue systématique et d’un 
sondage mené auprès de traumatologues canadiens. Nous avons utilisé une procé-
dure avec ajustement selon le critère d’information d’Akaike (AIC) et des coeffi-
cients de régression afin de créer une échelle à 5 variables applicable en contexte cli-
nique. Pour ce qui est de la validation interne, nous avons ajusté les valeurs dites 
« optimistes » à l’aide de la méthode d’autoamorçage (bootstrap).
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C atastrophic hemorrhage is the second leading cause 
of mortality following a traumatic injury and is 
responsible for nearly half of all deaths within the 

first 24 hours.1,2 Uncontrolled bleeding is the most com-
mon cause of preventable mortality following both military 
and civilian trauma.3 Delay in recognizing substantial 
bleeding results in larger volumes of blood loss, higher 
resuscitation requirements and severe physiologic derange-
ments.2 Major interventions to address ongoing hemor-
rhage may include massive transfusion, hemostatic surgery 
or angioembolization. The early identification of hemor-
rhagic injury is a critical component of modern trauma 
care,4 and an objective, evidence-based approach to bleed-
ing assessment would be invaluable for triage decisions and 
provision of life-saving interventions.3

The widely adopted Advanced Trauma Life Support 
(ATLS) guidelines provide an algorithmic approach to 
initial assessment of the trauma patient including a 
4-class system for grading severity and proposed cor
responding management of hemorrhage based on clinical 
examination and disturbances in vital signs.5 However, 
several studies evaluating the ATLS classification have 
raised concerns regarding its reliability and usefulness. A 
large database validation of the Trauma Audit and 
Research Network in the United Kingdom showed that 
the classification overestimated the degree of tachycardia 
and hypotension associated with blood loss.6 Similarly, 
another multicentre validation by the Trauma Registry of 
the German Society for Trauma Surgery demonstrated 
that fewer than 1 in 10 patients could be accurately classi-
fied according to the ATLS system.5 In other words, sub-
stantial hemorrhage may occur insidiously before obvious 
disturbances in vital signs appear. In an international sur-
vey, only 10.9% of ATLS course directors and instructors 
considered the ATLS classification of hemorrhagic shock 
to be a “good guide for fluid resuscitation and blood 
product transfusion.”7

Although some patients arrive at the hospital with 
obvious evidence of substantial blood loss and clear indi-
cation for intervention, there remains a subset of the 
trauma population for whom the classical clinical and bio-
chemical signs of hemorrhage may not be as clear. Such 
patients are at risk of clinical deterioration from ongoing 
insidious bleeding and these delays in identifying major 
hemorrhage are responsible for up to 16% of preventable 
deaths in this setting.4

In this study, we sought to derive and internally vali-
date a clinical prediction model capable of identifying the 
need for major intervention in patients with traumatic 
hemorrhage early in the clinical assessment.

Methods

Population

This prediction rule study is based on data from the 
Ottawa Trauma Registry, a prospectively collected data-
base for The Ottawa Hospital, from September 2014 to 
September 2017. This time frame allowed for to-the-
minute electronic blood transfusions, which was estab-
lished at our institution in 2014. The Ottawa Hospital is 
the designated level 1 trauma centre for the Champlain 
Local Health Integration Network (LHIN) in eastern 
Ontario. Cases included in the database were required to 
be classified as a major trauma. Major trauma was 
defined as Injury Severity Score (ISS) greater than 12 or 
requiring trauma team activation, a standardized defini-
tion used across the province of Ontario. We included 
all patients who arrived alive directly from the scene of 
the injury or were transferred to the study hospital from 
another receiving hospital within 3 hours of injury; we 
excluded patients with a delayed presentation and those 
who were dead on arrival. We included only patients 
with blunt or penetrating mechanisms of injury; we 

Résultats : Nous avons inclus 890 patients, dont 133 nécessitaient une interven-
tion majeure. Le modèle de base intégrait la pression artérielle systolique, les con-
statations cliniques indiquant une hémorragie, le taux de lactate, les résultats de 
l’échographie ciblée en traumatologie (FAST) et les résultats de la tomodensitomé-
trie (TMD). La statistique C s’élevait à 0,95 (0,94 après ajustement). Nous avons 
conçu une échelle canadienne simplifiée d’évaluation des saignements actifs (CAN-
BLEED). Un seuil de 2 points a généré une sensibilité de 97,7 % (intervalle de 
confiance [IC] à 95 % de 93,6 à 99,5) et une spécificité de 73,2 % (IC à 95 % de 
69,9 à 76,3). Une deuxième version, qui tient compte du mécanisme de blessure 
plutôt que des résultats de la TMD, avait un pouvoir de discrimination inférieur 
(statistique C = 0,89).

Conclusion : Nous proposons une échelle d’évaluation des saignements actifs sim-
ple, mais prometteuse. Celle-ci vise à repérer les patients à haut risque qui nécessi-
tent une intervention majeure pour un saignement d’origine traumatique ainsi qu’à 
déterminer la pertinence d’un transfert précoce dans un centre de traumatologie. 
Des études complémentaires seront nécessaires afin d’évaluer l’échelle dans d’autres 
milieux, d’établir sa fiabilité interévaluateurs et d’évaluer le potentiel de réduction 
des délais d’intervention.
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excluded those with nonhemorrhagic mechanisms such as 
burn injury, drowning and electrical injury. We also 
excluded patients with isolated head injury, defined as 
patients with an Abbreviated Injury Scale (AIS) score 
greater than 2 and who did not have injuries of the thorax, 
abdomen or pelvis. This study was approved by the 
Ottawa Health Science Network Research Ethics Board.

Outcomes

The primary outcome was the occurrence of clinically 
significant bleeding requiring corrective intervention(s) 
within the first 24 hours of arrival, defined as a composite 
of the following interventions: massive transfusion 
(≥  10 units of packed red blood cells), an operation for 
hemostasis or angiography with embolization. To classify 
surgical outcomes, we reviewed all operative reports for 
eligible patients and included those requiring thoracot-
omy, laparotomy, pelvic fixation or vascular surgery with 
a hemostatic intervention. Patients who underwent an 
exploratory operation without a therapeutic hemostatic 
procedure within the operative report were placed in the 
nonevent category. Patients receiving angiography with-
out embolization were similarly placed in the nonevent 
category. Time from arrival in the emergency depart-
ment (ED) to occurrence of the first major intervention 
was determined for all outcomes. Massive transfusion, as 
assessed by blood product administration records, was 
considered to have occurred upon the initiation of the 
10th unit of packed red blood cells. To account for survi-
vorship bias, we performed a preplanned sensitivity 
analysis wherein we included hemorrhagic death within 
the first 24 hours as part of the composite outcome.

General approach to analysis

We developed our data analysis protocol in accordance 
with guidelines8,9 for clinical prediction modelling. We 
prioritized full prespecification of the predictors, use of 
flexible functions for continuous predictors, and multiple 
imputation. Analyses were conducted using the rms10 
packages in R version 3.4 and SAS version 9.4 software.

Prespecification of predictors

Model prespecification, based on clinical knowledge and 
evidence from the literature, minimizes the risk of over
fitting in small data sets and improves performance at 
external validation.9 We conducted a systematic review to 
identify predictors in the existing literature.11,12 We con-
ducted a national survey of Canadian traumatologists13 
and asked respondents to place in rank order a list of 
potential predictors on the basis of their importance in the 
evaluation of a patient’s bleeding risk. An adjudication 
committee of local trauma surgeons (including M.M. and 

J.L.) reviewed the results of these studies and selected the 
most appropriate predictors for our prespecified model. 
Challenges and limitations for predictor selection 
included clinical relevance and ease of use, availability of 
institutional data variables and sample size considerations 
(and available degrees of freedom).

Data coding, missing values and collinearity

Data collection was completed by a single reviewer (A.T.) 
using a prepiloted data extraction form. Data points of 
interest included patient demographic characteristics, 
initial vital signs and physical examination findings sug-
gestive of hemorrhage, complete blood count, blood gas 
levels, results of coagulation testing, findings from focused 
assessment with sonography in trauma (FAST) and com-
puted tomography, as well as occurrence and timing of 
outcomes (massive transfusion, hemostatic surgery or 
embolization). Restricted cubic splines were used to flexi-
bly model continuous variables. 

From an exploratory analysis of missing data, we iden-
tified 2 variables for which values were missing for more 
than 25% of cases: FAST findings and lactate level. For 
all other predictors, values were missing for fewer than 
5% of cases. Following consultation with clinical experts 
in trauma and laboratory medicine, we determined that 
the high prevalence of missing values for the FAST and 
lactate variables was likely a result of low-risk patients 
who have values within a normal clinical range. To 
evaluate the appropriateness of this assumption, we used 
deterministic imputation. We categorized these variables 
as either abnormal or not (test was performed and result 
was normal or test was not performed and result was 
assumed to be normal), using prespecified thresholds of 
known clinical importance with all missing values 
assumed to be normal. We considered findings to be 
abnormal if FAST had been performed and the result 
was positive and if lactate level had been measured and 
the result was greater than 5 mmol/L. Otherwise, these 
data were considered negative or less than 5  mmol/L, 
respectively (normal findings). We generated imputed 
values using the aregImpute function in the Hmisc 
library.10 This procedure uses flexible parametric addi-
tive regression spline models fit to bootstrap resamples 
to predict the missing values under an assumption of 
missing at random. Before modelling, target variables are 
first optimally transformed. Actual values used for impu-
tation are obtained using predictive mean matching, by 
using donor observations from complete cases matched 
to the predicted values for missing cases. The imputation 
model consisted of the full list of predictor variables, 
outcomes and available ancillary variables (age, sex and 
time to hospital). We determined that the imputed val-
ues for FAST and lactate were in the study-defined nor-
mal range for more than 90% of cases and that the 
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prediction model did not change, thus satisfying the 
appropriateness of our previous assumption. Variance 
inflation factors were used to examine multicollinearity, 
and we reduced collinear relationships (pH/base excess, 
hematocrit/hemoglobin) to single variables (base excess, 
hemoglobin) using clinical judgment.

Derivation of the full model and simplification

The adjudication committee prespecified predictors for the 
model to ensure a minimum a 5–10 events per predictor.9 
An initial logistic regression model was fit with continuous 
predictors modelled using restricted cubic splines. An initial 
plot of partial associations corrected for the number of 
degrees of freedom, referred to as an analysis of variance 
(ANOVA) plot, was generated to place in rank order the 
predictors in terms of their strengths of association with the 
outcome. The plot was used to inform the decision about 
how many degrees of freedom to allocate to each variable in 
the final model: strong associations were modelled with 
greater complexity than weak associations. Associations 
were expressed using odds ratio (ORs) and 95% confidence 
intervals (CIs). For continuous predictors, ORs were 
expressed comparing the 75th to 25th percentile values. To 
derive an approximation of the full model excluding predic-
tors with low prognostic value, we used a stepdown 
approach,8 setting a rule for selection based on the Akaike 
information criterion. Stepdown models improve practical-
ity with fewer predictors for use in clinical practice.

Model performance and internal validation

Model discrimination was assessed by the concordance 
index (C  statistic). Internal validation was performed to 
minimize the risk of overfitting, which describes the phe-
nomenon when a new model describes the derivation 
population well but fails to provide accurate predictions 
for new subjects.9 We therefore internally validated the 
model using the bootstrap method, which maximizes sam-
ple size while minimizing potential overfitting, as opposed 
to using split or cross validation, which is considered less 
efficient.9 We validated the model using 1000 bootstrap 
samples to provide a more realistic measure of perform
ance in external populations using the optimism-corrected 
C  statistic. We assessed model discrimination using box 
plots of predicted values to ensure separation of groups 
with and without the outcome of interest. Model calibra-
tion was assessed graphically using plots that compared 
the observed and predicted probabilities, using a smooth-
ing technique.14

Creation of a scoring system

From the stepdown model, we generated a nomogram using 
the built-in nomogram function in the Hmisc package in R,10 

and we used it to determine the number of points associated 
with each predictor. For continuous predictors, the points 
were determined to correspond to midpoints of clinically 
meaningful intervals of values. We calculated the total num-
ber of points for each patient in the analysis and assessed sen-
sitivity, specificity, positive predictive value and negative pre-
dictive value corresponding to different cut points for the 
total number of points. The C  statistic for the simplified 
model was compared with that of the full model and the 
reduced model to ensure minimal change in performance.

Results

Patient characteristics and outcomes

A total of 890 patients were included in the analysis, of 
whom 133 had the event of interest (at least 1 of the 3 pre-
determined composite outcomes representing major inter-
vention for hemorrhage). Patient characteristics and out-
comes are presented in Table 1. The most common 
mechanism of injury was high-velocity blunt injury 
(572 patients, 64.3%). There were 182 patients (20.5%) 
transferred from peripheral hospitals with a median trans-
fer time of 1.0 hours (interquartile range [IQR] 0.5 to 
2.0 h). FAST was performed in 545 patients (61.2%), of 
whom 92 (16.9%) had positive results. CT imaging was 
performed in 778 patients (88.5%); for 219 of these 
patients (28.1%) the results demonstrated free fluid and for 
74 (9.4%) the results demonstrated contrast extravasation. 
There were 63 (7.1%) patients requiring only hemostatic 
surgery, 22 (2.5%) patients requiring only embolization 
and 6 (0.7%) patients requiring only massive transfusion; 
the remaining 42 (5.4%) patients required 2 or more major 
interventions. Fourteen (1.6%) patients died from hemor-
rhage within the first 24 hours. A preplanned sensitivity 
analysis including these hemorrhagic deaths as part of the 
composite outcome did not significantly alter the model.

Fully prespecified and reduced models

The full prespecified model is presented in Appendix 1 
(available at canjsurg.ca/010619-a1). The reduced multi-
variable model, after the stepdown procedure was used, 
included 5 predictors: clinical examination findings sug-
gestive of hemorrhage (OR 17, 95% CI 7.8 to 38), FAST 
(OR 2.4, 95% CI 1.2 to 4.7), lactate level greater than 
5 mmol/L (OR 6.2, 95% CI 2.6 to 15), free fluid or con-
trast extravasation on CT (OR 21, 95% CI 9.2 to 50) and 
systolic blood pressure (OR 4.9, 95% CI 2.6 to 9.0, com-
paring patients with systolic blood pressure of 
80 v. 120 mm Hg) (Table 2). The modelled association 
with blood pressure is presented graphically in 
Appendix 1. Given that an infinite number of odds ratios 
can be generated for systolic blood pressure depending 
on the 2 points chosen for comparison, a comparison of 
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80 versus 120 mm Hg is provided to illustrate an example 
odds ratio based on values above and below 90.

The C  statistic for the full prespecified model was 
0.96; the reduced model after the stepdown procedure 
was used had a naïve C statistic of 0.94 (95% CI 0.93 to 
0.96), corrected for optimism to 0.94, demonstrating 
that there was little overfitting in the model. The cali-
bration plot for the full model demonstrated excellent 
calibration with a calibration slope of 1 (95% CI 0.84 to 
1.16, Appendix 1). The reduced model also showed an 
acceptable calibration slope (0.94, 95% CI 0.85 to 1.15, 
Appendix 1).

Scoring system

The resulting scoring system, called the Canadian bleeding 
(CAN-BLEED) score, has a total of 8 points and is 
presented in Table 3. Clinically meaningful categorization 
thresholds of 90 and 120 mm Hg were chosen to assign 
scores for systolic blood pressure on the basis of the results 
of a previous survey.8 The remaining categorical variables 
require simple yes or no answers. The C  statistic for the 
model with the CAN-BLEED score as the only predictor 
was 0.94 (95% CI 0.87 to 0.98). The calibration plot 
(Appendix 1) showed excellent agreement between observed 
and predicted probabilities across the entire spectrum of risk 
(calibration slope 1, 95% CI 0.85 to 1.15).

The classification performance of the 8-point CAN-
BLEED score is presented in Table 4, organized by 
1-point increments. A score cut-off of 2 points yielded a 
sensitivity of 97.7% (95% CI 93.6 to 99.5), a specificity of 
73.2% (95% CI 69.9 to 76.3), a positive predictive value of 
39.0% (95% CI 33.8 to 44.5) and a negative predictive 
value of 99.5% (95% CI 98.5 to 99.9).

Table 1. Patient characteristics and outcomes

Characteristic*
No. (%) of patients† 

n = 890‡

Age, yr, median (IQR) 44 (27 to 58)

Sex, male 675 (75.8)

Mechanism of injury

    High-velocity blunt 572 (64.3)

    Low-velocity penetrating 149 (16.7)

    Low-velocity blunt 126 (14.2)

    High-velocity penetrating 43 (4.8)

Injury Severity Score, median (IQR) 17 (12 to 25)

Transferred from another hospital 182 (20.5)

Time to study hospital, h, median (IQR) 1.0 (0.5 to 2.0)

Baseline clinical characteristics

    Initial systolic blood pressure in ED,  
    mm Hg, median (IQR) 

125 (110 to 140)

    Initial heart rate in ED, beats/min,  
    median (IQR)

93 (78 to 110)

    Glasgow Coma Scale score, median (IQR) 15 (14 to 15)

Clinical pelvic instability§ 41 (4.9)

Visualization of actively bleeding wound 41 (4.6)

FAST performed 545 (61.2)

FAST positive 92 (16.9)

Hemoglobin, median (IQR) 138 (124 to 150)

International normalized ratio median (IQR) 1.1 (1.0 to 1.2)

pH, median (IQR) 7.32 (7.25 to 7.37)

Base excess, median (IQR) –2.2 (–5.4 to 0.7)

Lactate level, median (IQR) 3.0 (2.0 to 4.7)

CT imaging performed 788 (88.5)

Free fluid on CT¶ 219 (28.1)

Contrast extravasation on CT** 74 (9.5)

Outcomes

    Any major intervention 133 (14.9)

    Surgery only 63 (7.1)

    Embolization only 22 (2.5)

    Massive transfusion only 6 (0.7)

    Two or more major interventions 42 (5.4)

    Death from hemorrhage within 24 h 14 (1.8)

CT = computed tomography; ED = emergency department; FAST = focused assessment 
with sonography in traum;, IQR = interquartile range.
*For variables with missing values, the available values were used for the calculation. 
†Unless indicated otherwise.
‡Unless indicated otherwise.
§n = 845.
¶n = 787.
**n = 786.

Table 2. Final multivariable model 

Variable Odds ratio (95% CI)

Intercept —

Systolic blood pressure (80 v. 120 mm Hg)* 4.9 (2.6 to 9.0)

Clinical examination suggestive of hemorrhage 
(clinical pelvic instability or visualization of active 
bleeding)

17 (7.8 to 38)

FAST positive 2.4 (1.2 to 4.7)

Lactate > 5 mmol/L 6.2 (2.6 to 15)

Free fluid or contrast extravasation on computed 
tomography

21 (9.2 to 50)

*Systolic blood pressure was represented as a cubic spline function with 3 knots; the odds 
ratio is based on the example comparison of 80 v. 120 mmHg. 

CI = confidence interval; FAST = focused assessment with sonography in trauma.

Table 3. Canadian Bleeding (CAN-BLEED) score: main model

Variable Points

Systolic blood pressure, mm Hg

    < 90 2

    90–120 1

    > 120 0

Clinical examination suggestive of hemorrhage (clinical pelvic 
instability or visualization of active bleeding) 

    Yes 2

    No 0

FAST

    Positive 1

    Negative 0

Lactate > 5 mmol/L

    Yes 1

    No 0

Free fluid or contrast extravasation on computed tomography

    Yes 2

    No 0

Total score 0 to 8

FAST = focused assessment with sonography in trauma.
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Time to first major intervention

The median time to first major intervention for all 
133 patients was 2.00 hours (IQR 0.88 to 4.00 h) (Table 5). 
Of these patients, 49 (36.8%) received their first inter-
vention more than 3 hours after arrival to the ED, 20 
(15.0%) after more than 6 hours and 6 (4.5%) after more 

than 12 hours. The patients requiring only hemostatic sur-
gery generally received an intervention the most quickly, 
with a median time of 1.50 hours (IQR 0.50 to 3.00 h).

Supplementary analyses

The CAN-BLEED score includes CT findings, which 
may not be available in some settings. To accommodate 
traumatic hemorrhage evaluation in lower resource set-
tings, we conducted additional analyses to derive an 
alternative score that excludes CT. We repeated the 
model derivation process but excluded CT as a candidate 
predictor. The stepdown procedure selected the same 
variables as for the CAN-BLEED score with the addi-
tion of mechanism of injury. To preserve simplicity and 
promote the usefulness of the alternative version, we 
retained the original number of points allocated to each 
variable in CAN-BLEED but replaced the 2 points allo-
cated to CT with 1 point allocated to penetrating mech-
anism of injury. We found no significant difference in 
C  statistic performance between the full no-CT model 
(C = 0.91, 95% CI 0.84 to 0.98) and the simplified 
no-CT model (C = 0.89, 95% CI 0.82 to 0.93). The 
alternative 7-point version that excludes CT is referred 
to as the CAN-BLEED (no CT) model (Table 6).

For the CAN-BLEED (no CT) model, the calibration 
slope was 1.00 (95% CI 0.85 to 1.15), and the classification 
performance is presented in Table 7. A score cut-off of 
1 point yields 95.5% sensitivity (95% CI 90.4 to 98.3), 

Table 4. Classification table for the CAN-BLEED score: main model (with CT)

Score cut-off No. of patients 
Sensitivity
(95% CI)

Specificity 
(95% CI)

Positive predictive 
value (95% CI)

Negative predictive 
value (95% CI)

Predicted probability at 
score, %

0 890 100 (97.3 to 100.0) 0 (0 to 0) 14.9 (12.7 to 17.5) NA 14.9

1 520 99.3 (95.9 to 100.0) 48.8 (45.1 to 52.4) 25.4 (21.7 to 29.4) 99.7 (98.5 to 100.0) 25.4

2 333 97.7 (93.6 to 99.5) 73.2 (69.9 to 76.3) 39.0 (33.8 to 44.5) 99.5 (98.4 to 99.9) 39.0

3 223 90.9 (84.8 to 95.3) 86.5 (83.9 to 88.9) 54.3 (47.5 to 60.9) 98.2 (96.9 to 99.1) 54.3

4 137 72.2 (63.8 to 79.6) 94.6 (92.7 to 96.1) 70.1 (61.7 to 77.6) 95.1 (93.3 to 96.5) 70.1

5 69 42.1 (33.6 to 51.0) 98.3 (97.4 to 99.2) 81.2 (69.9 to 89.6) 90.6 (88.4 to 92.5) 81.2

6 37 23.3 (16.4 to 31.4) 99.2 (98.3 to 99.7) 83.8 (68.0 to 93.8) 88.0 (85.7 to 90.1) 83.8

7 7 5.3 (2.1 to 10.5) 100 (99.5 to 100.0) 100 (59.0 to 100.0) 85.7 (83.3 to 88.0) 100.0

8 0 0 (0 to 0) 100 (99.5 to 100.0) NA 85.1 (82.5 to 87.3) NA

CI = confidence interval; CT = computed tomography; NA = not applicable.

Table 5. Time to first major intervention

Major intervention Total no. of patients
Time from ED arrival, h, median 

(IQR)

No. (%) of patients; time to first major intervention

> 3 h > 6 h > 12 h

Surgery only 63 1.50 (0.50 to 3.00) 15 (23.8) 7 (11.1) 4 (6.3)

Embolization only 22 5.00 (3.50 to 6.50) 20 (90.9) 7 (31.8) 1 (4.5)

Massive transfusion only 6 6.25 (2.38 to 9.75) 4 (66.7) 3 (50.0) 0 (0)

Two or more major interventions 42 1.5 (0.50 to 3.50) 13 (31.0) 4 (9.5) 1 (2.4)

All interventions 133 2.00 (0.88 to 4.00) 49 (36.8) 20 (15.0) 6 (4.5)

ED = emergency department; IQR = interquartile range.

Table 6. Canadian Bleeding (CAN-BLEED) score: no-CT model

Variable Points

Systolic blood pressure, mm Hg

    < 90 2

    90–120 1

    > 120 0

Clinical examination suggestive of hemorrhage (clinical pelvic 
instability or visualization of active bleeding) 

    Yes 2

    No 0

FAST

    Positive 1

    Negative 0

Lactate > 5 mmol/L

    Yes 1

    No 0

Mechanism of injury

    Penetrating 1

    Blunt 0

Total score 0 to 7

CT = computed tomography; FAST = focused assessment with sonography in trauma.
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48.9% specificity (95% CI 45.3 to 52.5), 24.7% positive 
predictive value (95% CI 21.0 to 28.7) and 98.4% negative 
predictive value (95% CI 96.6 to 99.4)

Noting the potential for competing risk and survivor-
ship bias, we conducted a sensitivity analysis with a 
4-outcome composite that additionally included death 
from hemorrhagic causes within 24 hours. There was no 
change to the main CAN-BLEED model.

Discussion

We developed and internally validated a simple bleeding 
score for early identification of patients requiring major 
intervention for traumatic hemorrhage. We created the 
CAN-BLEED score to include CT, which is available at 
more specialized tertiary care centres. We created an 
alternate version for other settings, comprised of predic-
tors for which data are typically available to the clinician 
during the first hour of trauma resuscitation: mechanism, 
systolic blood pressure, clinical examination findings sug-
gestive of hemorrhage, FAST results and lactate level. 
Evaluation of both scores demonstrated excellent overall 
performance with a C statistic of 0.94 for CAN-BLEED 
and 0.89 for the no-CT version. Most importantly, a 
score cut-off of 1 point for the no-CT model and 
2 points for the main model demonstrated sensitivities 
greater than 95% and negative predictive values greater 
than 98% while maintaining moderate to good specifi
city, suggesting that these models offer considerable 
potential as a screening tool.

Despite well-established principles emphasizing min
imization of time to bleeding control and resuscitation,15 
challenges remain in terms of accurately identifying or 
ruling out hemorrhagic shock.3 Despite an abundance of 
available diagnostic tests, clinical gestalt for identification 
of bleeding trauma patients requiring major intervention 
continues to perform quite poorly, demonstrating 65.6% 
sensitivity, 63.8% specificity and a C  statistic of 0.63.16 

Within our study cohort, the time to intervention was 
more 3 hours for 1 in 3 patients and more 6 hours for 1 in 
6 patients, which suggests the possibility of delayed rec-
ognition of insidious bleeding or systemic issues in timely 

protocol activation. With the trauma community recog-
nizing the fallibility of clinical judgment and the need for 
validated, objective approaches to prognostication for 
traumatic hemorrhage,3 clinical prediction models have 
grown in popularity over the last few years.12 However, 
the methodologic quality of the traumatic hemorrhage 
prediction literature has generally failed to meet 
guideline-recommended standards for development and 
validation.12 In addition, many of the existing modelling 
studies focus on massive transfusion as a sole outcome, a 
concept shown to be vulnerable to competing risk and 
survivorship bias.17–19

Our score shares many of the same elements as the 
previously developed ABC and TASH scores for predic-
tion of massive transfusion, notably mechanism,20 systolic 
blood pressure,20,21 FAST ultrasound20,21 and pelvic 
instability.21 The 6 components (clinical examination 
findings suggestive of hemorrhage, systolic blood pres-
sure, lactate level, positive FAST results, mechanism and 
free fluid or contrast extravasation on CT) of our pro-
posed scores all received grade 1 recommendations by the 
European guideline on management of major bleeding 
for inclusion in the standard assessment for hemor-
rhage.15 Our proposed score offers the advantage of hav-
ing been explicitly derived and validated for a composite 
bleeding outcome that better captures patients with clin
ically significant bleeding than massive transfusion 
alone.19 A direct comparison of performance with the 
ABC and TASH scores is not within the scope of this 
study given that those scores were derived for and are 
applied for a different target population and purpose 
(massive transfusion protocol activation only).

The proposed score, with and without CT, allows for 
earlier identification of high-risk patients and may poten-
tially reduce the time to intervention or time to inter
hospital transfer to specialized trauma centres. The “time 
to request,” which is the time between initial hospital 
arrival and the decision by the emergency physician to 
request a transfer, can often extend well beyond 
2 hours.22,23 Importantly, up to 8% of transferred patients 
may require critical interventions within the first 15 min-
utes of arrival at the trauma centre; this cohort has a 52% 

Table 7. Classification table for the CAN-BLEED score: no-CT model

Score cut-off No. of patients 
Sensitivity
(95% CI)

Specificity 
(95% CI)

Positive predictive 
value (95% CI)

Negative predictive 
value (95% CI)

Predicted probability at 
score, %

0 890 100 (97.3 to 100.0) 0 (0 to 0) 14.9 (12.7 to 17.5) NA 14.9

1 514 95.5 (90.4 to 98.3) 48.9 (45.3 to 52.5) 24.7 (21.0 to 28.7) 98.4 (96.6 to 99.4) 24.7

2 240 82.0 (74.4 to 88.1) 82.7 (79.8 to 85.3) 45.4 (39.0 to 52.0) 96.3 (94.6 to 97.6) 45.4

3 126 63.9 (55.1 to 72.1) 94.6 (92.7 to 96.1) 67.5 (58.5 to 75.5) 93.7 (91.8 to 95.3) 67.5

4 66 39.9 (31.5 to 48.7) 98.3 (97.1 to 99.1) 80.3 (68.7 to 89.1) 90.3 (88.1 to 92.2) 80.3

5 24 18.1 (11.9 to 25.7) 100 (99.5 to 100.0) 100 (85.6 to 100.0) 87.4 (85.0 to 89.6) 100.0

6 4 3.0 (0.8 to 7.5) 100 (99.5 to 100.0) 100 (39.8 to 100.0 85.4 (82.9 to 87.7) 100.0

7 0 0 (0 to 0) 100 (99.5 to 100.0) NA 85.1 (82.5 to 87.3) NA

CI = confidence interval; CT = computed tomography; NA = not applicable.
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mortality rate.23 Previous work has highlighted the effec-
tiveness of objective triage protocols and checklists in 
reducing transfer times for trauma patients arriving at 
nontrauma centres.23 These considerations highlight 
trauma patients arriving at hospitals without definitive 
trauma care as a potentially vulnerable group that would 
benefit from targeted early prognostication and transfer. 
With regard to Canadian trauma care specifically, previ-
ous work has demonstrated substantial variability in the 
degree of trauma system development across the coun-
try.24 In particular, fewer than half of the provinces had an 
inclusive trauma system model or interfacility transfer 
agreements, which suggests that there may be opportun
ities to implement procedures and processes that would 
improve the inclusiveness of care. This score offers con-
siderable potential as a screening tool that would enable 
clinicians in nontrauma centres to quickly and effectively 
assess the need to transfer patients who may be bleeding 
to level 1 trauma centres for definitive management.

Strengths of this study include the rigorous adherence 
to prediction modelling methodology standards25 and the 
comprehensive process of model prespecification using the 
best available literature and clinical expertise. In addition, 
we sought to maintain practicality and clinical functionality 
during model development, incorporating clinical expertise 
and resource availability for determination of model com-
position and a final simple scoring system corresponding to 
clinically meaningful thresholds.

Limitations

Our model development is based on data from a Can
adian tertiary care centre with specialized expertise and 
resources, and thus the model needs to be independently 
validated across a variety of settings. In addition, we 
acknowledge that interpretations of pelvic stability, visu-
alization of active bleeding and FAST and CT imaging 
may be subject to variable interrater reliability. However, 
our pragmatic approach to data collection, which was 
based on the documented findings in the radiologists’ 
reports and the traumatologist consultants’ notes rather 
than reinterpretation of primary data by a single 
reviewer, accounts for subjective decision-making. Given 
these considerations, explicit validation within an inter-
hospital transfer population to account for differences in 
setting, resources and clinical experience with trauma 
patients is warranted.

Conclusion

In this study we adopted robust methodology for clinical 
prediction modelling and synthesized the best available 
clinical and evidence-based knowledge to develop and 
internally validate the Canadian Bleeding (CAN-BLEED) 
score for early identification of patients requiring major 

intervention following traumatic hemorrhage. We have 
proposed simple and extended models that are based on 
predictors available to the clinician within the first hour of 
assessment: systolic blood pressure, clinical examination, 
FAST, lactate level and CT imaging. These scores dem-
onstrate excellent performance, offering considerable 
promise as a screening tool for early risk stratification of 
trauma patients who are bleeding and determination of 
the appropriateness of early interhospital transfer to spe-
cialized trauma centres. Future studies are required to 
evaluate the performance of the scores in other settings, 
define interrater reliability and evaluate the potential for 
reduction of time to intervention.
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