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Abstract

Background Nomograms are easy-to-handle clinical tools which can help in estimating the risk of adverse outcome
in certain population. This multi-center study aims to create and validate a simple and usable clinical prediction
nomogram for individual risk of post-traumatic Intracranial Hemorrhage (ICH) after Mild Traumatic Brain Injury (MTBI)
in patients treated with Direct Oral Anticoagulants (DOACs).

Methods From January 1, 2016 to December 31, 2019, all patients on DOACs evaluated for an MTBI in five Italian
Emergency Departments were enrolled. A training set to develop the nomogram and a test set for validation were
identified. The predictive ability of the nomogram was assessed using AUROC, calibration plot, and decision curve
analysis.

Results Of the 1425 patients in DOACs in the study cohort, 934 (65.5%) were included in the training set and

491 (34.5%) in the test set. Overall, the rate of post-traumatic ICH was 6.9% (7.0% training and 6.9% test set). In a
multivariate analysis, major trauma dynamic (OR: 2.73, p=0.016), post-traumatic loss of consciousness (OR: 3.78,
p=0.001), post-traumatic amnesia (OR: 4.15, p<0.001), GCS< 15 (OR: 3.00, p <0.001), visible trauma above the clavicles
(OR: 3. 44, p<0.001), a post-traumatic headache (OR: 2.71, p=0.032), a previous history of neurosurgery (OR: 7.40,

p <0.001), and post-traumatic vomiting (OR: 3.94, p=0.008) were independent risk factors for ICH. The nomogram
demonstrated a good ability to predict the risk of ICH (AUROC: 0.803; C195% 0.721-0.884), and its clinical application
showed a net clinical benefit always superior to performing CT on all patients.

Conclusion The Hemorrhage Estimate Risk in Oral anticoagulation for Mild head trauma (HERO-M) nomogram was
able to predict post-traumatic ICH and can be easily applied in the Emergency Department (ED).
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Background

The use of direct oral anticoagulants (DOACs) in the
prevention and treatment of thromboembolism and,
more recently, in the primary prevention of cardiovas-
cular events, is steadily increasing and gradually replac-
ing older anticoagulant therapies (heparin, Vitamin K
Antagonists) or even antiplatelet therapy [1-3]. As a
result, an increasing number of patients with a consti-
tutionally higher bleeding risk due to DOACs treatment
require a significant diagnostic and therapeutic effort
in the ED, even for minor pathological conditions (e.g.,
minor trauma, non-serious bleeding) [4]. Mild traumatic
brain injury (MTBI) represents the most sensitive diag-
nostic challenge in this category of patients, because of
its pathophysiologic features and the frequency of occur-
rence [5, 6].

Currently, the main existing guidelines for manag-
ing head trauma suggested that computerized tomog-
raphy (CT) should be performed in all MTBI patients
with coagulation abnormalities [7-12]. However, sev-
eral recent studies demonstrated that the rate of post-
traumatic intracranial bleeding (ICH) after an MTBI
in the patient on DOACs was limited [13-16] and in
the absence of risk factors related to the trauma itself, it
became close to zero [17-19]. The identification of clini-
cal risk factors aimed at creating a predictive tools was
useful in patients treated with DOACs management
[14, 20-22]. Even in this population with an apparent
increased hemorrhagic risk, standardization of risk fac-
tor analysis into precise predictive models could facili-
tate decision-making for patients with MTBI in DOAC:s,
promoting cost-effective use of available diagnostic
resources. However, no specific predictive models are
available so far.

Thus, the aim of this study was to use the clinical risk
factors for post-traumatic ICH, which were recently con-
firmed also in patients on DOACs [20, 21], to develop a
clinically applicable nomogram for predicting the likeli-
hood of ICH after MTBI in the patient taking DOACs.

Methods

Study design and setting

A retrospective observational multi-center study was
conducted evaluating all patients with MTBI on DOACs
in five Italian EDs between January 1, 2016, and Decem-
ber 31, 2019 (Ospedale Civile Maggiore in Verona,
100,000 visits per year; Policlinico Universitario in
Verona, 50,000 visits per year; Policlinico Universita-
rio in Pisa, 90,000 visits per year; Ospedale Generale in
Merano, 70,000 visits per year; and Ospedale Generale
in San Bonifacio, 60,000 visits per year). The study was
conducted with the approval of local ethical committees
(Ethics Committee Clinical Experiments of Verona, Italy,
approval number 889CESC; Ethics Committee Clinical
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Experiments of Bolzano, Italy, approval number 75-2019;
Ethics Committee Clinical Experiments of Pisa, Italy
approval number 11924 CIPRIANO), according to the
ethical principles for medical research involving human
subjects of the Declaration of Helsinki.

Patients

The study inclusion criteria were: MTBI defined as
any craniofacial district closed trauma with a Glasgow
Coma Scale (GCS) of 14-15, independent of the loss of
consciousness immediately following the trauma or any
neurological deficit related to it [6, 23, 24] and age>18
years. Exclusion criteria were: access to the ED more than
forty-eight hours after the trauma, an ineffective Oral
Anticoagulation Therapy (OAT), defined as a last intake
of DOACs beyond twenty-four hours before the trauma,
and patients transferred from other EDs.

The records of patients on DOACs and MTBI therapy
were identified by extraction from the respective com-
puter databases through dedicated management soft-
ware (FirstSTATA for Verona & Pisa and QlikView for
Merano) all patients who performed a head CT in the ED
during the study period.

The selection of patients in line with the inclusion and
exclusion criteria was performed through manual chart
review by a group of Emergency Physicians with more
than five years’ experience.

Variables
We selected the most representative risk factors for ICH,
based on the current literature.

The pre-traumatic risk factors are age, concomitant
treatment with antiplatelet agents, alcohol or drug intoxi-
cation, presence of known disability, history of epilepsy,
history of previous neurosurgical intervention, known
psychiatric condition, and a major trauma dynamic
defined as dangerous mechanism and/or high-energy
impact as indicated in ATLS guidelines [8, 10, 11, 25].
The post-traumatic conditions are post-traumatic loss
of consciousness, any form of amnesia, post-traumatic
vomiting, persistent headache, visible trauma above the
clavicle, a GCS of less than 15 at the first evaluation in
the ED, other post-traumatic fractures, and post-trau-
matic seizure [7, 8, 10, 11, 26].

Outcomes

The finding of post-traumatic ICH in the head CT scan
performed on arrival in the ED (immediate) or in the
head CT scan performed after 24 h of clinical observa-
tion (delayed) was the primary endpoint of the study. CT
positivity was considered as the presence of subdural,
epidural, or parenchymal hematoma, subarachnoid hem-
orrhage, or cerebral contusion [6, 23, 24]. Finally, out-
comes important to the patient were defined as the need
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for neurosurgical intervention (craniotomy, craniectomy,
placement of a hole or subdural drainage) or death from
post-traumatic ICH within 30 days of trauma [6, 23,
24]. Where direct patient reassessment was not possible
at 30 days after injury, follow-up was reconstructed by
evaluating the medical records available in the computer
databases of the EDs in the study, and mortality was con-
firmed through the registry office.

Statistical analysis

Continuous variables were described as mean and
standard deviation or median and interquartile range
depending on the underlying distribution. Categorical
variables were described as the percentage and number
of events in the total. Differences between categorical
variables were tested using Fisher’s Exact tests or with the
Chi-square test while t-tests or with the Mann-Whitney
test for continuous variables.

To construct and validate the nomogram, the patient
cohort was randomly divided into the training (deriva-
tion cohort) and test (validation cohort) sets; 2/3 of the
cohort was used to develop the prediction model while
the remaining 1/3 of the patients were used to validate
the model. Any differences in the two cohorts were
explored.

The proposed nomogram, HERO-M (Hemorrhage
Extimate Risk in Oral Anticoagulation for Mild head
trauma) is a tool to estimate the probability of post-trau-
matic ICH, based on a weighted score of the eight inde-
pendent prognostic factors for posttraumatic ICH. It was
first applied to a single center pilot study in 451 patients
and subsequently reworked in this study [19].

To generate the nomogram, the first step was to per-
form on the training set the univariate analysis of pre-
and post-trauma clinical risk factors identified with the
risk of post-traumatic ICH. The variables which were
found to be significant in the univariate analysis with a
significance level of 0.05, were proposed to the multi-
variate model for the creation of the nomogram. The
multivariate model was run with multivariate logistic
regression to test the association between the predictor
variables and the probability of ICH. The regression coef-
ficients from the multivariable logistic regression model
were then used to generate a nomogram predicting the
probability of post-traumatic ICH.

The sum of the individual weighted scores for each of
the eight independent prognostic factors is used to obtain
the “total score,” which in turn is associated in the prob-
ability axis with the individual risk of post-traumatic ICH
presented by the patient. A higher calculated total score
is associated with a higher probability of post-traumatic
ICH. For example, a patient with a post-traumatic TLOC
(score 6.5), with a frontal lacerated wound (score 6.5),
and with at least one episode of post-traumatic vomiting
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(score 7) will have a total score of 20, which is associated
with a 40% risk of ICH.

Discriminatory ability, the ability of the model to
separate patients with different outcomes, and calibra-
tion, which is how different the predictions are from the
actual outcomes, were analyzed to validate the model on
the test cohort. Nomogram discrimination was assessed
using the area under the operating characteristic curve
(AUROC. Finally, the net clinical benefit of applying the
nomogram was also evaluated with decision curve anal-
yses (DCA) where performing the nomogram is com-
pared with the two baseline strategies (perform CT at
all, perform CT at none) for different thresholds of the
probability of risk of post-traumatic ICH. All tests were
two-sided, and P<0.05 was considered statistically sig-
nificant. Statistical analyses were performed with Stata®
version 16.0 (StataCorp, College Station, Texas, USA).

Results

Patients and trauma risk factors

Of the 1531 patients on DOACs with MTBI included in
the entire study cohort, 1425 were included in the study
(Fig. 1). The characteristics of patients included in the
training (n=934) and test (n=491) sets are reported in
Table 1.

The proportion of patients with a post-traumatic ICH
was 7% (65/934) in the training cohort and 6.9% (34/491)
in the test cohort, p=1.000. No differences in patients’
characteristics were recorded between the two patient
cohorts. A slight discrepancy was observed in the indica-
tion for DOACs.

The univariate analysis of pre- and post-traumatic clini-
cal risk factors with the presence of post-traumatic ICH
performed in the derivation cohort is reported in Table 2.

Pre-traumatic risk factors found to be associated with
the presence of post-traumatic ICH were the presence of
a major trauma dynamic (13.8% versus 3.3%, p=0.001)
and a previous neurosurgical intervention (12.8% versus
2.5%, p=0.002). Among the post-traumatic risk factors,
those found to be associated with the presence of post-
traumatic ICH were a Traumatic Loss Of Consciousness
(TLOC; 18.5% versus 3.5%, p<0.001), post-traumatic
amnesia (32.3% versus 8.5%, p<0.001), evidence of
trauma above the clavicles (84. 6% versus 64.1%,
p=0.001), the presence of a GCS less than 15 at the time
of the visit evaluation (21.5% versus 8.5%, p=0.002), at
least one episode of post-traumatic vomiting (10.8% ver-
sus 1.8%, p=0.001), and post-traumatic headache (10.8%
versus 3%, p=0.006).

Model characteristics and predictors of post-traumatic ICH

The pre- and post-traumatic risk factors found to be asso-
ciated with the presence of post-traumatic ICH based on
the previous univariate analysis were candidates for the
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Fig. 1 Selection of the study population

multivariate predictive model. The multivariate model  1.78-8.04, p=0.016), major dynamic presented an OR of
identified eight risk factors which were found to be asso-  2.73 (CI95% 1.21-6.18, p=0. 001), presence of post-trau-
ciated with the risk of post-traumatic ICH (Table 3): matic amnesia reported an OR of 4.15 (CI95% 2.37-7.27,
post-traumatic TLOC presented an OR of 3.78 (CI95% p<0.001), GCS less than 15 with an OR of 3.00 (CI95%
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Table 1 Characteristics of patients with MTBI in DOACs, divided
into the derivation and validation cohorts
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Table 2 Pre- and post-traumatic risk factors divided between
patients who have and have not reported post-traumatic ICH.

Variables Derivation Validation p-
cohort cohort val-
ue
Patients, n (%) 934 (65.5) 491 (34.5)
Age, years, median (IQR) 83(78-88) 82(77-87) 036
Sex, n (%) 0.50
Male 415 (44.4) 228 (464)
Female 519(556)  263(53.6)

Clinical history, n (%)

Hypertension 760 (81 4) 387 (78.9) 0.34
Ischemic heart disease 5(16.6) 78 (15.9) 0.80
Chronic heart failure 117 (12 5) 77 (15.7) 0.15
Cancer 53(5.7) 25(5.1) 0.79
Chronic renal failure 105 (11.2) 43 (8.7) 022
Hepatopathy 27 (29) 2(2.5) 1.00
Vasculopathy 106 (11.4) 68 (13.9) 0.28
Diabetes 555 (59.4) 304 (62.0) 0.44
Stroke 57 (16.8) 92 (18.8) 041
Type of DOACs, n (%) 0.48
Apixiban 333(35.7) 169 (34.4)
Dabigatran 200 (21.4) 123 (25.1)
Edoxaban 92 (9.9) 44 (9.0)
Rivoroxaban 309 (33.1) 155 (31.6)

Indication for DOACs, n (%) 0.02

Atrial Fibrillation 873 (93.5) 435 (88.7)
Pulmonary Embolism 42 (4.5) 41 (8.2)
Others 19 (2.0) 15(3.1)
Trauma dynamics, n (%) 0.41
Ground falls 664 (71.1)  333(67.9)
Other falls 41 (4.4) 28 (5.7)
Road accident 45 (4.8) 15(3.1)
Precipitation 8(0.9) 4(0.8)
Direct trauma 17 (1.8) 13(26)
Pre-traumatic transitory loss of 159 (17.0) 98 (20.1)
consciousness
Time elapsed between trauma and 047
CT, n (%)
Within 3 hours 479 (51.3) 243 (49.5)
Between 3 and 8 hours 76 (18.8) 106 (21.6)
Over 8 hours 279 (29.9) 142 (28.9)
Post-traumatic ICH, n (%) 65 (7.0) 34(6.9) 1.00

1.65-5.47, p<0.001), visible trauma above the clavicles
with an OR of 3. 44 (CI95% 1.87-6.33, p<0.001), a post-
traumatic headache with an OR found to be equal to
2.71 (CI95% 1.09-6.73, p=0.032) also a previous history
of neurosurgery reported an OR equal to 7.40 (CI95%
3.29-16.65, p<0. 001), finally post-traumatic vomiting
reported an OR of 3.94 (C195% 1.44-10.82, p=0.008).

Nomogram and validation estimates
HERO-M (Hemorrhage Extimate Risk in Oral anticoag-
ulation for Mild head trauma) is a nomogram based on

Variables NoICH ICH p-value
Patients, n (%) 869 65 (7.0)
(93.0)
Age, years, median (IQR) 83 84 (78-88) 0318
(78-88)
Pre-traumatic risk factors, n (%)
Major trauma dynamic 29(333) 9(13.8) 0.001
Acute intoxication 13(1.5) 0(0.0) -
Concomitant antiplatelet therapy 73 (84) 5(7.7) 0.84
Chronic psychiatric disease 60 (6.9 6(8.5) 0.56
Chronic cognitive impairment 176 15(234) 058
(20.3)
Motor disability 233 24(362) 018
(26.8)
Previous neurosurgery 30(23) 12(185) 0.002

History of epilepsy 32(37) 4(64) 042

Post-traumatic risk factor, n (%)

Post-traumatic transitory loss of 30(3.5) 12(185)  <0.001
consciousness

Post-traumatic amnesia 74(85) 21(323) <0.001

Evidence of trauma above the 557 55(84.6) 0.001
clavicles 64.1)

Other post-traumatic fracture 330 17 (26.2)  0.06

(38.0)

GCS< 15 74(85) 14(215) 0.002

Signs of skull base fracture 3(0.3) 1(1.5) 0.25

Post-traumatic vomiting 16(1.8) 7(10.8) 0.001

Post-traumatic headache 26(3.0) 7(10.8) 0.006

Post-traumatic seizure 3(0.3) 0(0.0) -

Table 3 Multivariate analysis of all risk factors found significant
for post-traumatic ICH at the previous univariate analysis

Odds  95% p-
Ratio Confidence value
Interval
Major trauma dynamic 273 1.21-6.18 0.02
Post-traumatic loss of 3.78 1.78-8.04 0.001
consciousness
Post-traumatic amnesia 4.15 237-727 <0.001
GCS<15 3.00 1.65-547 <0.001
Evidence of trauma above the 344 1.87-6.33 <0.001
clavicles
Post-traumatic headache 2.71 1.09-6.73 0.03
Previous neurosurgery 740 3.29-16.65 <0.001
Post-traumatic vomiting 3.94 1.44-10.82 0.01

multivariate coefficients to estimate the individual prob-
ability of post-traumatic ICH (Fig. 2).

The nomogram is automatically created by assigning a
weighted score according to the regression coefficients of
the eight independent prognostic factors for post-trau-
matic ICH (Fig. 2).

The discrimination, calibration, and any net clinical
benefit of HERO-M were tested. The discriminatory abil-
ity of the nomogram was found to be high, presenting an
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Fig. 2 HERO-M nomogram to predict the risk of ICH after mild traumatic brain injury in patients in DOACs.

AUC of 0.803 (CI95% 0.721-0.884) (Fig. 3). The calibra-
tion plot revealed a fair model fit predicting the risk of
post-traumatic ICH (Fig. 4). Finally, the DCAs demon-
strate that the application of the nomogram has a net
clinical benefit that is always greater than the strategies
of performing CT on all the patients and performing CT
on none of the patients (Fig. 5). Despite the small benefit,
still superior to performing CT at all, the application of
HERO-M would allow a reduction of a good number of
CTs within a hypothetical risk of ICH of less than 20%
(Fig. 6).

Discussion

OAT is considered a risk factor for bleeding complica-
tions by several international guidelines [7-11]. For
this reason, a well-established clinical practice is to
perform a head CT scan in all anticoagulated patients
with MTBI. NICE guidelines [7] and many of the clini-
cal decision rules (e.g., The Canadian CT Head Rule)
confirm the indication to necessarily submit the anti-
coagulated patient with MTBI to at least one head CT
investigation to rule out the risk of ICH even if neurolog-
ically intact [6]. Despite prior studies and meta-analyses

demonstrating an association between post-traumatic
ICH and anticoagulation or treatment with antiplatelet
agents in patients with head trauma [22, 27-29], some
recent studies did not show such an association [13,
14, 16, 30]. These new observations could be partly due
to the different cohorts of patients. In fact, prior stud-
ies about TBI in OAT comprehended a more heteroge-
neous casuistry concerning age and dynamics of trauma,
whereas recent literature is more often focused on minor
events (i.e. low energy falls) in older adults. Confirming
this, as part of the MTBI, Alrajhi et al. found that the
risk of ICH dropped to one-fifth in the case of minimal
trauma [31]. Kuczawski and colleagues [15] observed in
a multi-center observational study how a CT scan for all
anticoagulated patients with a head injury is not cost-
effective, since only 7 of 1420 (0.5%) who did not receive
a CT scan experienced a potentially preventable adverse
outcome related to head injury (death from ICH, n=4;
reattendance for ICH, n=3) .

Despite a reduced rate of post-traumatic ICH, previ-
ous indications for the management of patients treated
with Vitamin K Antagonists (VKAs) were translated to
patients on DOAC:s. In addition, recent indications seem
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Fig. 3 ROC curve of the predictive ability of the HERO-M nomogram towards the risk of ICH.
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Fig. 4 Calibration plot of the HERO-M nomogram in the ICH prediction

to suggest that the absence of all clinical risk factors asso- ~ However, no predictive or risk modeling system has been
ciated with the presence of post-traumatic ICH, signifi- proposed to improve patient management in DOACs
cantly reduces the risk of actual ICH and even minimizes  despite widely emphasized in the literature the need to
the need for neurosurgical intervention also in patients in  fill this gap [6, 20].

DOAG:S, as also previously reported for VKA [6, 20, 21].
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The present study, for the first time, attempted to
model the individual risk of ICH in MTBI patients in
DOAC: from the risk factors studied for years at the first
evaluation in the ED. HERO-M nomogram, in addition to
providing in a simple, rapid, and repeatable of identifica-
tion of ICH risk based on the patient’s clinical phenotype,
could also allow a management modulation of the patient
in DOACs according to the characteristics presented at
access in ED.

Our study considered the creation of the nomogram.
Most of the clinical variables that have been stud-
ied and included in the different clinical decision rules
over the decades to assess the risk of ICH in the patient
with MTBI [11, 26, 32]. These risk factors have recently
been explored and confirmed as individual risk predic-
tors also in patients with OAT, supporting the hypoth-
esis to include them in a broader predictive model of
post-traumatic hemorrhage. Evidence of trauma above
the clavicles or the presence of major trauma dynamics
seems to be warning signs that could reveal to the clini-
cian the severity of the impact [33]. Despite different and
not unanimous definitions of major trauma dynamics,
the indication of high-energy trauma is universally recog-
nized as having a poor prognosis even in the small series
of the case published so far on DOACs [14, 19]. Certainly,
improving the characterization of impact and trauma
dynamics could also benefit the calculation of the risk
of adverse outcomes. Among the post-traumatic factors
found to be significantly associated with the presence of
post-traumatic ICH, post-traumatic amnesia resulted the
most significant one in in our previous observation [21].
Recent evidence through decision tree analysis observed
that post-traumatic amnesia was the most impacting
factor representing the root node of the decision tree
of patients in DOACs [20]. The absence of acute post-
traumatic neurologic symptoms, as the absence of con-
cussion (post-traumatic amnesia, post-traumatic TLOC,
GCS within limits) and potentially related symptoms
(headache, vomiting), greatly reduces the risk of post-
traumatic bleeding even during oral anticoagulation [6,
20, 21]. In agreement with this, Fuller and colleagues
raised the doubt that in the absence of objectifiable neu-
rological changes, DOACs therapy alone may not be a
sufficient predictor of ICH, so performing head CT in all
anticoagulated patients who are victims of MTBI appears
to be inappropriate and not cost-effective [17].

The availability of a prediction tool such as the HERO-
M nomogram, which unifies the risk provided by each
clinical factor into a total individualized estimation, could
give to the emergency physician the possibility of modu-
lating patient management on the actual risk presented.
Although there is not yet sufficient evidence of safety to
change current strategies focused on extensive CT use,
this predictive model could at least suggest different ways
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of subsequent management (observation or discharge of
the patient from the ED) in case of negative CT imag-
ing. A future validation of the nomogram could allow to
define and create different management pathways based
on the various score ad cut-offs.

The application of this tool could allow for a reduction
in costs given a minor number of CTs performed, as well
as a greater availability of devices for other types of emer-
gencies at the ED. The advantage for the patient would be
a lower exposure to X-rays and the reduction of waiting
times in the ED, correlated above all for the elderly with
disorientation and delirium, symptoms that could irrepa-
rably confuse the clinical picture [34]. Nevertheless, a
longer period of observation is not required, since the
percentage of delayed complications are quite rare and
usually accompanied by symptoms or signs [21].

We are aware, however, that only precise, replicable,
and safe risk modeling can move away from such an
unsuccessful strategy as extensive CT use and that pro-
spective studies in this direction are urgently needed in
the near future.

Limitations

Firstly, the study presents the typical biases of the obser-
vational retrospective nature, including a selection
defect, due to errors or omissions in documentation.
However, the common clinical practice of the identifi-
cation of widely known risk factors made it possible to
limit some of the biases. Second, an accurate sample cal-
culation was not conducted due to the absence of a large
number of patients. However, the course of the present
study remains very large compared with those published
so far, and the method of dividing the cohort into two
training and validation data sets also allowed a correct
methodology to be performed in evaluating the effective-
ness of the nomogram. Third, not all patients repeated
a follow-up CT scan at the end of the follow-up period.
However, all enrolled patients were re-evaluated 30
days after trauma, which made it possible to exclude the
occurrence or evolution of clinically significant hemor-
rhagic complications. Fourth, a priori choice of risk fac-
tors was performed (e.g., major trauma dynamics). Fifth,
the validation technique performed is a virtual validation
that does not make possible to really evaluate patients
who have led to a not perfect AUROC, therefore further
validation studies with external cohorts will be necessary.
However, the performance of AUROC may be linked to
increased CT performance in patients with premonitory
signs but who later report a negative CT, compared to
patients who do not perform CT and who subsequently
have an ICH. Finally, the dosages of DOACs were not
available, and the analyses were not mediated for the dos-
age of DOAC:s.



Park et al. BMC Emergency Medicine (2023) 23:122

Conclusions

In summary, the risk nomogram seems to be a tool that
easily and quickly can provide an estimate of the risk of
post-traumatic ICH based on the patient’s clinical condi-
tion. As the validation analyses demonstrate, it seems to
possess good discriminatory abilities and provide a net
clinical benefit, especially for low-risk patients where
it could allow, if further validation is done, to avoid the
extensive use of CT.
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