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RÉSUMÉ 
 

Contexte : Le traumatisme crânien léger est une cause fréquente d'admission dans 

les services d'urgence, avec de rares conséquences graves. Il existe des règles de 

décision clinique dont la Canadian CT Head Rule afin de sélectionner les patients 

devant bénéficier d’un scanner cérébral. Ces règles excluent les patients sous anti 

agrégants plaquettaires (AAP) car ils sont plus à risque d'hémorragie 

intracrânienne que la population générale, et ce, malgré le faible taux de 

complications graves nécessitant une intervention médico-chirurgicale d’après les 

études récentes. 

 

Méthode : Nous avons mené une étude multicentrique rétrospective pour 

déterminer la performance diagnostique d’une version modifiée de la Canadian CT 

Head Rule (M-CCTHR), dans laquelle le fait d'être sous AAP n'est plus une cause 

d'exclusion. Nous avons inclus des patients de 5 hôpitaux de 3 départements 

limitrophes admis pour un traumatisme crânien léger sous AAP. Nous avons 

calculé leur M-CCTHR et avons déterminé s'ils présentaient le critère de jugement 

principal composite incluant dans les 30 jours toute hospitalisation de plus de 3 

jours liée à un traumatisme crânien, tout geste neurochirurgical ou tout décès. Les 

résultats présentés sont des résultats intermédiaires descriptifs. 

 

Résultats : 1241 patients ont été inclus. La M-CCTHR a une sensibilité de 48 % et 

une valeur prédictive négative de 97 % vis-à-vis du critère de jugement principal. 
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Conclusion : Notre étude suggère que la M-CCTHR serait une règle de décision 

performante pour identifier les patients sous AAP présentant un TCL à très faible 

risque de saignement intracrânien cliniquement significatif. Elle nécessite 

néanmoins une validation prospective de ses performances.  
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ABSTRACT 
Background: Mild Traumatic brain injury (TBI) is a frequent cause of admission 

in Emergency Departments, but with limited life-threatening consequences.  

Clinical decision rules such as the Canadian CT Head Rule have been proposed to 

help clinicians to select for which patient they should perform a computed 

tomography of the head. These rules exclude patients under anti platelet therapy 

(APT) because they are at higher risk of intracranial hemorrhage (ICH) than the 

general population, despite the low rate of complications requiring medical and 

surgical interventions according to recent studies. 

 

Method: We conducted a retrospective, multicenter study to determine the 

performance of the a priori modified Canadian CT Head Rule (M-CCTHR), a 

revised version of the Canadian CT Head Rule where being under APT is no longer 

a cause of exclusion. We included patients from 5 hospitals in 3 neighboring 

departments admitted for mild TBI under APT. We calculated their M-CCTHR, 

and determined whether they met a composite outcome of neurosurgery, or 

hospitalization longer than 72 hours, or all-cause death within 30 days. The results 

are an intermediate analysis of the study. 

 

Results: We included 1241 patients. We found that the M-CCTHR has a 48% 

sensitivity and a 97% negative predictive value for the primary outcome. 

 

Conclusion: Our study suggests that M-CCTHR could be a promising decision rule 

to identify patients under APT with mild TBI who are at low risk of life-

threatening consequences.  
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INTRODUCTION 
 

Mild Traumatic brain injury (TBI) is a frequent cause of admission in Emergency 

Departments (EDs) with a prevalence between 100 to 300 per 100,000 people in 

2004 (1).  Despite being a frequent event, life threatening consequences are rare. 

Indeed, after mild TBI, only 8% of patients suffer from intracranial hemorrhage 

(ICH) and only 1% require neurosurgery. Mortality is estimated lower than 1‰ 

(1).   

Thus, clinical decisions rules have been proposed to help physicians to 

decide in which cases a computed tomography scan (CT-scan) should be performed.  

2012 French guidelines are based on the Canadian CT Head Rule which is the 

most widely evaluated and validated clinical decision rule (2,3). It has a 98.6 to 

100% sensitivity for predicting clinically important brain injuries (2). 

Importantly, because patients under antiplatelet therapy (APT) are at 

higher risk of ICH than the general population (4), clinical decision rules exclude 

these patients and recommend to always perform a CT-scan (1–3). However, recent 

studies have shown that life-threatening ICH complications such as neurosurgery 

or death in patients with mild TBI under APT are rare or similar to the general 

population (5,6), even for patients older than 65 years (7).  

Therefore, a CT-scan may not be necessary for all patients under APT. This 

is an important issue for ED physicians, since the number of elderly patients under 

APT increases, along with the frequency of mild TBI. 

Altogether, it seems relevant to set up clinical decision rules for patients 

under APT with mild TBI to help physicians target for which patient they should 

perform a CT-scan. 
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Here we conducted a retrospective, multicenter study to determine the 

performance of the a priori modified Canadian CT Head Rule (M-CCTHR), a 

revised version of the Canadian CT Head Rule where being under APT is no longer 

a cause of exclusion and an age ≥ 65 years is no longer a high-risk criterion. The 

results presented here are intermediary, without consequences on the pursuit of 

inclusions to match the number needed to reach the predefined statistical power. 
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METHODS 
 

Study design 

We conducted a retrospective, multicenter study in 5 different hospitals in 

the Alps region (Grenoble, Voiron, Annecy, Saint-Julien-en-Genevois, Chambéry).  

We included patients above 18 years old, under APT (Aspirin, Clopidogrel, 

Prasugrel, Ticagrelor alone or combined) who were admitted to EDs prior to May 

2022 for mild TBI with a Glasgow Coma Scale (GCS) above or equal to 13. 

The following patients were excluded: pregnant women, patients under 

guardianship, patients under concomitant anticoagulant treatment, patients 

presenting post-traumatic seizure or neurological deficit.  

Patients were screened from ED’s database using cause of admission. When 

it was not possible, we used discharge diagnosis with the ICD-10 classification (See 

Appendix 3 for detailed data collection). 

For each patient, we applied the a priori modified Canadian CT head rule 

(M-CCTHR) (Figure 1) and collected data for the study. Screening for death, 

hospitalization and neurosurgery were done at day 30 and day 90 since the ED 

visit.  

The study was approved by French authorities (BRIAN-CT Project). 

 

Outcome 

The primary outcome is the diagnostic performance of the M-CCTHR for a 

composite outcome including patients who underwent neurosurgery or 

hospitalization longer than 72 hours related to the head trauma or all-cause death 

within the first 30 days. 
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The secondary outcomes were first, the proportion of avoided CT-scans according 

to the M-CCTHR. Second, the diagnostic performance of the M-CCTHR for a 

composite outcome of neurosurgical intervention, hospitalization for more than 72 

hours related to the head injury, or death from any cause within the first 90 days. 

Third, the performance diagnostic for a composite outcome of neurosurgical 

intervention, hospitalization for more than 72 hours related to the head injury or 

death from any cause within the first 30 days specifically in 65 year-old or older 

patients. Fourth, the proportion of death linked to the head injury within the first 

30 days. Fifth, the proportion and description of the type of bleeding according to 

Colas and colleagues study (Appendix 2). 

 

Statistical analysis 

We included in statistical analysis all patients who had a CT-scan.  We estimated 

that with a 90% sensitivity of the a priori modified Canadian CT Head Rule for the 

primary endpoint and an incidence of bleeding with therapeutic consequences of 

5% based on previous studies (approximately 4% of bleeding with hospitalization 

and 1% with surgical intervention or death), it will be necessary to include in the 

final analysis 3000 patients.  

Qualitative variables are compared using Chi2 test or Fisher test as appropriate, 

quantitative variables are compared using Mann-Whitney Test. 

 

Last, we also included in a separated analysis a group of patients with mild TBI 

under APT but for whom no CT-scan was performed and monitored whether they 

met the primary outcome.  
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Flow-chart 
 
 
 
  Patients under APT admitted for mild TBI

N = 1519

Patients included
N = 1372

Patients with CT-scan
N = 1241

Negative Modified Canadian CT Head rule
N = 1031

Positive Modified Canadian CT Head rule
N = 210

Patients excluded
N = 147

• 43 withdrew consent
• 76 had also anti coagulant 
treatment
• 15 had GCS < 13
• 9 had focalisation sign
• 2 had post traumatic seizure

Primary outcome
N = 24

• 4 were hospitaliszed ≥ 3 days
• 2 had neurosurgery
• 20 died

Modified Canadian 
CT-head rule

Primary outcome
N = 23

• 16 were hospitaliszed ≥ 3 days
• 3 had neurosurgery
• 12 died

No Primary outcome
N = 1007

No Primary outcome
N = 187
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 Canadian CT Head Rule Modified  

Canadian CT head rule 
Conditions of 
application 

Only apply to patients with GCS 13-
15 and at least one of the following: 
 

● Loss of consciousness. 
 

● Amnesia to the head injury 
event. 

 
● Witnessed disorientation 
 

 
 

Apply to any patients with head 
trauma and with GCS 13-15 

 
Exclusion 

criteria 

Age <16 years 

Patient on blood thinners 

Seizure after injury 

Age < 18 years 

Patient on anticoagulant 

Seizure after injury 
 
 
 

High-Risk 
Criteria 

GCS <15 at 2 hours post-injury 
 
Suspected open or depressed skull 
fracture 
 
Any sign of basilar skull fracture 
(Hemotympanum, raccoon eyes, 
Battle’s Sign, CSF oto-/rhinorrhea) 
 
≥ 2 episodes of vomiting 
 
Age ≥ 65 years 

GCS <15 at 2 hours post-injury 
 
Suspected open or depressed skull 
fracture 
 
Any sign of basilar skull fracture 
(Hemotympanum, raccoon eyes, 
Battle’s Sign, CSF oto-/rhinorrhea) 
 
≥ 2 episodes of vomiting 

 

 
Medium 

Risk Criteria 
 

Retrograde amnesia to the event ≥ 30 minutes 
 
“Dangerous” mechanism? 
(Pedestrian struck by motor vehicle, occupant ejected from motor vehicle, or fall 
from >3 feet or >5 stairs.) 
 

 

Figure 1 – Canadian CT Head Rule and the Modified Canadian CT head rule 
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RESULTS 
Here we present the intermediary analysis of the BRIAN-CT study. We 

screened 1519 patients under APT who presented mild TBI. We excluded 141 

patients (43 withdrew consent, 101 had exclusion criteria). Among the 1372 

included patients, a CT-scan was performed for 1241 of them (90,5%). Women 

represented 54% of the population. Mean age was 82,9 years ± 10 years. Population 

characteristics are presented in Table 1.  

 All Patient 
with a CT-Scan 
(N = 1241) 

Patients with 
Negative M-CCTHR 
(N = 1031) 

Patients with 
Positive M-CCTHR 
(N = 210) 

P value 

Sex 
Male 
Female 

 
571 (46%) 
670 (54%) 

 
451 (44%) 
580 (56%) 

 
120 (57%) 
90 (43%) 

p<0,001 

Age 
Mean (years) 
SD (years) 
Median (years) 
> 65 years old 

 
82,9 
10,9 
84,93 
1155 (93,1%) 

 
83,4 
10,5 
85,3 
972 (94,3%) 

 
80,2 
12 
82,9 
183 (87%) 

p<0,001 
 
 
 
p<0,001 

APT 
Aspirin alone 
Clopidogrel alone 
Aspirin + Clopidogrel 
Other 

 
1083 (87,3%) 
116 (9,3%) 
36 (2,9%) 
 6 (0,5%) 

 
910 (88%) 
95 (9,2 %) 
25 (2,4%) 
4 (0,4%) 

 
173 (82,3%) 
21 (10%) 
16 (7,6%) 
2 (0,1%) 

 
p=0,02 
p=0,72 
p<0,001 
p=0,29 

Clinical feature 
Initial LOC 
GCS < 15 
Open Fracture 
Base skull fracture 
≥ 2 vomiting episodes 
Retrograde Amnesia 
Dangerous mechanism 

 
105 (8,5%) 
50 (4%) 
4 (0,3%) 
19 (1,5%) 
14 (1,1%) 
28 (2,3%) 
48 (3,9%) 

 
0 
0 
0 
0 
0 
0 
0 

 
105 (50%) 
50 (24%) 
4 (2%) 
19 (9%) 
14 (6,7%) 
28 (13,3%) 
48 (23%) 

 

Primary outcome (30 days) 
Hospitalization ≥ 3 days 
Neurosurgery 
Death all cause 

47 (3,8%) 
20 (1,6%) 
5 (0,4%) 
32 (2,6%) 

24 (2,3%) 
4 (0,4%) 
2 (0,2%) 
20 (2%) 

23 (10,9%) 
16 (7,6%) 
3 (1,4%) 
12 (5,7%) 

p<0,001 

Secondary outcome (90 days) 
Hospitalization ≥ 3 days 
Neurosurgery 
Death all cause 

57 (4,6 %) 
24 (1,9%) 
8 (0,6 %) 
45 (3,6%) 

29 (2,8%) 
5 (0,5%) 
2 (0,2%) 
29 (2,8%) 

28 (13,3%) 
19 (9%) 
6 (2,85%) 
16 (7,6%) 

p<0,001 

 
Table 1 – Baseline Characteristics of included patients 

SD: Standard Deviation; APT: Anti Platelet Therapy; LOC: Loss of consciousness; GCS: Glasgow 

Coma Scale; M-CCTHR: Modified-Canadian CT Head Rule. 
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47 patients met the composite primary outcome. 23 had a positive M-

CCTHR, 24 a negative one. The sensitivity (Se) of the M-CCTHR is 48,9% ± 14,3% 

and the negative predictive value (NPV) is 97,7% ± 0,9%. The positive predictive 

value (PPV) is 11% ± 4,2% and the specificity (Sp) is 84,3% ± 2%. (Table 2 and 3). 

 

  Value 95% confidence interval 
Sensitivity 48,94% 14,29% 
Specificity 84,34% 2,06% 

Positive Predictive Value 10,95% 4,2% 
Negative Predictive Value 97,67% 0,9% 

 
Table 2 – Diagnosis performance of the Modified Canadian CT Head Rule at 30 
days 
 

 Se (% ± 95% CI) NPV (% ± 95% CI) 
Primary outcome  
Hospitalization ≥ 72h within 30 days 
Neurosurgery within 30 days 
All-cause death within 30 days 

48,9% ± 14,3% 
80% ± 17,53% 
60% ± 42,9% 
37,5% ± 16,77% 

97,67% ± 0,9% 
99,61% ± 0,4% 
99,81% ± 0,3% 
98,06% ± 0,8% 

Secondary outcome 
Hospitalization ≥ 72h within 90 days 
Neurosurgery within 90 days 
All-cause death within 90 days 

49,12 % ± 13% 
79,17% ± 16,25% 
75% ± 30% 
35,6 % ± 14% 

97,2% ± 1% 
99,52% ± 0,4% 
99,81% ± 0,3% 
97,2% ± 1% 

 
Table 3 – Diagnosis performance of the Modified Canadian CT Head Rule 

Se: Sensitivity; NPV: Negative Predictive Value; CI : Confidence Interval. 

 

Based on M-CCTHR, we observed that 83% ± 2% of CT-scan could be avoided 

if the rule is applied.  

 

57 patients met the composite secondary outcome. 28 had a positive M-

CCTHR, 29 a negative one (Table 1). The sensitivity (Se) of the M-CCTHR for the 

secondary outcome is 49,12 ± 13% and the negative predictive value (NPV) is 97, 
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2% ± 1 %. (Table 3 and 4). The positive predictive value (PPV) is 13,3% ± 4,6% and 

the specificity (Sp) is 84,63% ± 2,05%. 

  Value 95% confidence interval 
Sensitivity 49,12% 12,98% 
Specificity 84,63% 2,05% 

Positive Predictive Value 13,33% 4,6% 
Negative Predictive 97,19% 1,0% 

 
Table 4 – Diagnosis performance of the a priori Modified Canadian CT Head Rule 
at 90 days 
 

Overall, 132 patients (11%) had an ICH with a majority Grade I of Sub 

Arachnoid Hemorrhage (SAH) and Sub Dural Hematoma (SDH) (Table 5).  ICH 

prevalence was statistically different between negative and positive M-CCTHR 

groups. Grade III ICH were statistically higher in patients with a positive M-

CCTHR. 

 All Patient 
with CT-Scan 
 
(N = 1241) 

Patients with 
Negative M-CCTHR 
 
(N = 1031) 

Patients with 
Positive M-CCTHR 
 
(N = 210) 

p-value 

ICH 137 (11%) 57 (5,5%) 80 (38,1%) p<0,001 
ICH type (% of ICH) 
SDH 
SAH 
DP 

 
53 (38,7%) 
58 (42,3%) 
34 (24,8%) 

 
27 (47%) 
25 (44%) 
15 (26%) 

 
37 (46,3%) 
45 (56,3%) 
25 (31,3%) 

 
p=0,89 
p=0,15 
p=0,53 

ICH Grade (% of ICH) 
Grade I 
Grade II 
Grade III 

 
70 (51,1%) 
33 (24,1%) 
22 (16,1%) 

 
39 (67%) 
15 (26%) 
6 (11%) 

 
49 (61,3%) 
24 (30%) 
19 (24%) 

 
p=0,44 
p=0,64 
p=0.049 

 

 

Table 5 – Types and Grade of ICH 

ICH: Intra Cranial Hemorrhage; SDH: Sub Dural Hematoma; SAH: Sub Arachnoid Hemorrhage; 

DP: Deep Hematoma. M-CCTHR: Modified-Canadian CT Head Rule. 

 

In the Negative M-CCTHR group, among the 20 people who died, only 3 

(15%) had an ICH (Table 6) detected at initial admission. None of them died due 
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to aggravation of the ICH. Conversely, in the Positive M-CCTHR group, 7 (58%) 

had an ICH and 6 of them died due to ICH complications. 

 All Patient 
with a CT-Scan 
(N = 1241) 

Patients with 
Negative M-CCTHR 
(N = 1031) 

Patients with 
Positive M-CCTHR 
(N = 210) 

p-value 

Death within 30 days 
ICH 
No ICH 
 
Death attributed to ICH 
Death not attributed to ICH 

 
10 
22 
 
6 
26 

 
3 
17 
 
0 
20 

 
7 
5 
 
6 
6 

 
p<0.0001 
p=0.47 
 
p<0.0001 
p=0,39 

 
Table 6 – Causes of death 

ICH: Intra Cranial Hemorrhage; M-CCTHR: Modified-Canadian CT Head Rule. 

 

We also provide an insight of the 5 patients that underwent neurosurgery 

(Table 7). All were males, younger than the mean and median population, and 

underwent neurosurgery only after change of their neurological status (GCS 

deterioration, motor or speech deficit). None of the 2 patients with a negative M-

CCTHR that underwent surgery died. 

 

# Sex Age M-
CCTHR  

Time between 
admission and 
surgery 

Modification of clinical exam between ED admission 
and neurosurgery 

1 H 52 ≥ 1 19 days Hospitalized in Neurosurgery due to increased SDH 
due to 2 new falls. 
Deterioration of GCS from 15 (at admission) to 13. 

2 H 74 ≥ 1 2 days Hospitalized in Neurosurgery due to Grade III SDH. 
Deterioration of GCS from 14 (at admission) to 8. 

3 H 70 ≥ 1 < 24 hours GCS 14 at ED admission. Agitation and GCS 13 in 
Neurosurgery ICU: decision of intubation. 

4 H 78 0 10 days Motor deficit + Phasic trouble during hospitalization. 
5 H 58 0 3 days GCS deterioration from 15 (ED admission) to 8 

(Neurosurgery admission). 
 
Table 7 – Characteristics of patient who underwent neurosurgery 

CT: Computed Tomography; ED: Emergency Department; SDH: Sub dural hematoma; GCS: 

Glasgow Coma Scale; ICU: Intensive Care Unit. 
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Besides, 41 patients had dual APT (Aspirin + Clopidogrel or Aspirin + 

Prasugrel). 4 (9,7%) met the primary outcome, 1 had a negative M-CCTHR and 3 

had a positive M-CCTHR. 

 

Last, a CT-scan was not performed despite the guidelines for 131 patients. 

94% had a negative M-CCTHR. Only 2 patients died due to identified, non-

neurological causes (Table 8). 

 All Patient with a CT-Scan 
 
(N = 1241) 

Patients with no CT-scan 
 
(N = 131) 

Sex 
Male 
Female 

 
571 (46%) 
670 (54%) 

 
64 (49%) 
67 (51%) 

Age 
Mean (years) 
SD (years) 
Median (years) 
 
> 65-year-old 

 
82,9 
10,9 
84,93 
 
1155 (93,1%) 

 
82 
11,2 
83,7 
 
119 (90,8%) 

APT 
Aspirin alone 
Clopidogrel alone 
Aspirin + Clopidogrel 
Other 

 
1083 (87,3%) 
116 (9,3%) 
36 (2,9%) 
 6 (0,5%) 

 
120 (91,6%) 
8 (6,1%) 
2 (1,5%) 
1 (0,8%) 

Clinical feature 
Initial LOC 
GCS < 15 
Open Fracture 
Base skull fracture 
≥ 2 Vomiting 
Retrograde Amnesia 
Dangerous mechanism 

 
105 (8,5%) 
50 (4%) 
4 (0,3%) 
19 (1,5%) 
14 (1,1%) 
28 (2,3%) 
48 (3,9%) 

 
4 (3,1%) 
0 
0 
1 (0,8%) 
1 (0,8%) 
1 (0,8%) 
2 (1,5%) 

Modified CCTHR 
Negative 
Positive 

 
1031 (83,1%) 
210 (16,9%) 

 
122 (93,9%) 
9 (6,1%) 

Primary outcome 
Hospitalization ≥ 3 days 
Neurosurgery 
All-cause death   
Death due to ICH 

47 (3,8%) 
20 (1,6%) 
5 (0,4%) 
32 (2,6%) 
6 (0,5%) 

2 (1,5%) 
0 (0%) 
0 (0%) 
2 (1,5%) 
0 (0%) 

 
Table 8 – Baseline characteristics of patients with no CT-scan 

SD: Standard Deviation; APT: Anti Platelet Therapy; LOC: Loss of consciousness; GCS: Glasgow 

Coma Scale; ICH: Intra Cranial Hemorrhage; M-CCTHR: Modified-Canadian CT Head Rule.  
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DISCUSSION 
 

In this study, we used a priori modified Canadian CT Head Rule (M-

CCTHR) where being under APT is no longer a cause of exclusion, and an age ≥ 65 

years is no longer a high-risk criterium and we retrospectively evaluated its 

performance. In the population under APT we found that M-CCTHR has a 48% 

sensitivity and a ≥ 97% negative predictive value for our primary outcome, a 

composite outcome of death due to any cause, hospitalization ≥ 3 days and 

neurosurgery. These are preliminary results before reaching the predefined 

number of subjects. 

 

Most studies describe diagnostic performance of clinical decision rules for 

detecting ICH. However, since most patients with ICH do not have life-threatening 

consequences, we reasoned that using ICH complications such as death, 

hospitalization ≥ 3 days and neurosurgery could be more relevant readouts.  

Our mean age population was 83 years, with a prevalence of ICH around 

11%.  This is similar to previous studies both in terms of population distribution 

as well as for ICH prevalence that varied from 4% to 29% (4,6,7). Besides, we found 

that < 0,5% of patients died due to ICH complications and that < 0,4% underwent 

neurosurgery. This is in line with other studies where composite outcome of 

mortality and neurosurgery was < 2% (7). 

 

Our results show that M-CCTHR has a good NPV but a poor sensitivity. 

These could be explained by several factors.  
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First, ≥ 93% of the population was 65 years old or older. We therefore believe 

that removing the age ≥ 65 years is relevant since it is not a discriminant factor, 

although it reduces sensitivity. 

Second, we propose that the poor sensitivity of the M-CCTHR could be 

mostly explained by the decision to include in the primary outcome death from any 

cause. Indeed, we observed that in the Negative M-CCHTR, 85% of the patients 

who died did not present any ICH, and none of them died due to ICH complication. 

Strikingly, when we analyzed a modified primary outcome where we used death 

due to ICH, we found a 82% sensitivity and a 99% NPV. 

Third, we observed that neurosurgery was performed several days after 

ED’s initial evaluation with changes in their neurological status for patients with 

negative M-CCTHR. However, right before surgery, the M-CCTHR would have 

been positive. This is in favor of the discharge of asymptomatic patients with strict 

surveillance guidelines, and in case they appear to exhibit neurological symptoms 

later on, they should go back to the ED for new clinical assessment and CT-scan.  

 

Altogether, our study suggests that clinical rules such as the M-CCTHR 

could be a relevant decision rule to help physicians target for which patient they 

should perform a CT-scan, although several questions still need to be addressed. 

First, further assessment of diagnostic performance including prospective 

study is necessary before implementation in clinical daily practice. 

Second, it could be interesting to use in addition of the M-CCTHR, 

biomarkers such as the S100 ß protein, as proposed by the 2022 SFMU-SFAR 

guidelines to reduce the proportion of false positive (8).  
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Third, we found that 10% of patients with dual APT met the primary 

outcome versus 4% in our general population. This suggests that patients with 

dual APT could be at higher risk and might be excluded from the M-CCTHR or 

analyzed in a separate group for further studies. 

Last, the 2022 SFMU-SFAR guidelines propose to continue APT after ICH, 

although there is no prospective study to confirm these recommendations (8). 

Although it was not the purpose of our study, we did not observe homogenous 

management on stopping APT and how long it should be interrupted or not. 

However, most patients with ICH had stable or improved CT-scan during follow-

up, suggesting that continuing APT could be a valid approach, although further 

studies are required to confirm these findings. 

Our study has several limits. First, we might have missed patients during 

the screening process. More patients have been potentially missed when selected 

by discharge diagnosis, especially for patients with normal CT-scan that might 

have been discharged with another diagnosis. We thus believe that we did not miss 

patients with complications of ICH. 

Second, we might have lost some patients for follow-up if they did it in 

another hospital or died at home. Indeed, some patients are foreigners or on 

vacation in the Alps area. However, the majority were old patients that were living 

in the region and had later venues for other reasons in the hospital (new admission 

to ED, consultation with a specialist, etc.). 

Third, our analysis are univariate models. Then future approaches with 

validating prospective cohorts including multivariate analysis will be necessary.  
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CONCLUSION 
The BRIAN-CT study is a retrospective, multicenter study to determine the 

performance diagnosis of the modified Canadian CT Head Rule (M-CCTHR) for 

patients with mild Traumatic Brain Injury (TBI) under Anti Platelet Therapy 

(APT). The M-CCTHR is an a priori revised version of the Canadian CT Head Rule 

where being under APT is no longer a cause of exclusion and an age ≥ 65 years is 

no longer an high-risk criterion. We found that M-CCTHR has a 48% sensitivity 

and a ≥ 97% negative predictive value for our primary outcome, a composite 

outcome of death due to any cause, hospitalization ≥ 3 days and neurosurgery, in 

the population under APT, regardless of age.  

The M-CCTH could help physicians to target for which patient they should 

perform a CT-scan, although further assessment of diagnostic performance 

including prospective studies are necessary before implementation in clinical daily 

practice. Besides, several questions still need to be addressed. First, using 

biomarkers such as the S100 ß protein, to reduce the proportion of false positives. 

Second, whether patients with dual APT should be considered at higher risk and 

excluded from the M-CCTHR. Last, whether APT should be continued for 

asymptomatic patients exhibiting ICH.  
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Appendix 1 – 2012 SFMU Guidelines 
After TBI, indications of CT-scan are the following:  

- Focal neurological deficit 

- Retrograde amnesia ≥ 30 min before trauma 

- GCS less than 15 at 2 hours from trauma 

- Loss of consciousness or amnesia associated with one of the following traumatic 

mechanisms: 

1. Pedestrian knocked down by a motorized vehicle, patient ejected from a vehicle 

or fall from a height of more than one meter 

2. ≥ 65 years old. 

- Suspicion of open skull fracture 

- Any sign of skull base fracture (hemotympanum, bilateral periorbital bruising), 

otorrhea or rhinorrhea of cerebrospinal fluid 

- More than one episode of vomiting  

- Post-traumatic seizure 

- APT or anticoagulant or coagulation disorders 
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Appendix 2 – Intracranial hemorrhage stages according to Colas and colleagues 
 

 Grade I Grade II Grade III 
Sub Arachnoid 
Hemorrhage 

(SAH) 

Trace Localized Scattered 

Extra Dural 
Hematoma 

(EDH) 
 

Sub dural 
Hematoma (SDH) 

 
 

Without mass 
effect 

 
 

With limited mass 
effect but without 

herniation 

 
 
 

With herniation 

Deep Hematoma 
(DH) 

Focal without 
mass effect 

 

with limited and 
local mass effect 

With important 
mass effect or 

herniation 
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Appendix 3 – Detailed patient selection 
We adapted our strategy to the software of the emergency reception services 

and the research methods available. 

For the Grenoble center, the EASILY software is the software used in the 

Emergency Department from 01/05/2022. The data was obtained from the 

discharge diagnosis since it was not possible to select patients with admission 

diagnosis. 

We used the following ICD-10 diagnoses: 

S06.0- Concussion 

S06.1- Traumatic cerebral edema 

S06.2- Diffuse traumatic brain injury 

S06.3- Focal traumatic brain injury 

S06.4- Epidural hemorrhage 

S06.5- Traumatic subdural hemorrhage 

S06.6- Traumatic subarachnoid hemorrhage 

S06.8- Other specified intracranial injuries 

S06.9- Unspecified intracranial injury 

R29+6 Repeated falls 

I60.0 Subarachnoid hemorrhage from carotid siphon and bifurcation 

I60.1 Subarachnoid hemorrhage from middle cerebral artery 

I60.2 Subarachnoid hemorrhage from anterior communicating artery 

I60.3 Subarachnoid hemorrhage from posterior communicating artery 

I60.4 Subarachnoid hemorrhage from basilar artery 

I60.5 Subarachnoid hemorrhage from vertebral artery 

I60.6 Subarachnoid hemorrhage from other intracranial arteries 
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I60.7 Subarachnoid hemorrhage from intracranial artery, unspecified 

I60.8 Other subarachnoid hemorrhage 

I60.9 Subarachnoid hemorrhage, unspecified 

S01.0 Open wound of scalp 

S01.1 Open wound of eyelid and periocular area 

S01.2 Open wound of nose 

S01.3 Open wound of ear 

S01.4 Open wound of cheek and temporomandibular area 

S01.5 Open wound of lip and oral cavity 

S01.7 Multiple open wounds of head 

S01.8 Open wound of other parts of head 

S01.9 Open wound of head, part unspecified 

 

Before 05/01/2022, the software used was the DMU. We selected the patients 

with the following admission diagnosis: 

1 - Head trauma 

2 - Maxillofacial trauma 

3 - Falls in the elderly (> 75 years old) 

 

For Voiron Hospital, the software used at the time of inclusion was the DMU. 

The patients were therefore selected by initial diagnosis, according to the same 

methods as in Grenoble 

For the Annecy and Saint-Julien en Genevois, the software used is the DPU. We 

selected patients with the following admission diagnosis: 
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1- Head trauma without loss of consciousness 

2 - Head trauma with loss of consciousness 

3 - Maxillofacial trauma 

4- Multiple traumas 

 

For Chambéry hospital, the software used is CROSSWAY. We could only 

select patients with discharge diagnosis, using the same ICD-10 classification as 

in Grenoble with the EASILY software. 
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Appendix 4 – Detailed collected data 
1. Absence of exclusion criteria (checkboxes): 

1- Pregnant woman 

2- Anticoagulant treatment 

3- Adult protected or deprived of liberty 

4- GCS <13 on admission 

5- Focal neurological deficit 

6- Post traumatic convulsion 

2. Initials 

3. IPP (unique identity) 

4. Date of birth 

5. Family name 

6. First name 

7. Hospital admission center (Grenoble / Chambéry / Annecy – Saint Julien en 

Genevois) 

8. Date of venue 

9. Age 

10. Gender (M/F) 

11. Antiplatelet treatment: Aspirine / Clopidogrel /Ticagrelor/ Prasugrel 

12. Presence of scalp wounds and their location: frontal / temporal / parietal / 

occipital 

13. Initial loss of consciousness (yes/no) 

14. GCS from 13 or 14 at 2 hours from the trauma (yes/no) 

15. Suspicion of open skull fracture (yes/no) 
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16. Presence of evidence of skull base fracture (hemotympanum, bilateral 

periorbital bruising, otorrhea or rhinorrhea of cerebrospinal fluid) (yes/no) 

17. Occurrence of more than 2 episodes of vomiting (yes/no) 

18. Presence of retrograde amnesia ≥30min (yes/no) 

19. Presence of a dangerous mechanism: pedestrian knocked down by a motorized 

vehicle/patient ejected from a vehicle/fall of more than one meter (yes/no) 

20. Delay between head trauma and brain scan 

21. Time from ER admission to brain scan 

22. Presence of intracranial bleeding on CT scan (yes/no) 

23. If bleeding: subdural/extradural/intra-parenchymal/subarachnoid 

24. Grading of intracranial bleeding (grades 1 to 3) 

25. Hospitalization >48h within 30 days related to CD (yes/no) 

26. Hospitalization >48h within 90 days related to CD (yes/no) 

27. Surgery within 30 days (yes/no) 

28. Neurosurgery within 90 days (yes/no) 

29. Death within 30 days from any cause (yes/no) 

30. Death related to CD within 30 days (yes/no) 

31. Death within 90 days from any cause (yes/no) 

32. Death within 90 days related to CD (yes/no) 
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