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In press

My background
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Significative clinical outcomes
� Acute traumatic Intra-cranial Injury (ICI): 
subdural, epidural, parenchymal hematoma, subarachnoid hemorrhage, cerebral 
contusion, depressed skull fracture minor lesions or minimal intracranial bleeding 
(minor lesions) 

�  Delayed ICI (dICI): 
ICI occurred after > 24 hours (and after a negative first head CT scan, if done)

� death

� operative neurosurgery

�  MHI related re-admission to ED within 30 days from MHI



Actual management
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The problem of the guidelines:
the "sensitive" GLs

✔ European Federation of the Neurological Societies (EFNS) GLs:
head CT scan: in case of normal CT, considering observation of 24 hours, consulting 
neurotrauma center and repeating CT scan

✔ Scandinavian GLs:
head CT scan and 24 hours observation: in the case of neurological deterioration
and/or GCS (≥2 points) repeating CT scan
 
✔ 2023 NICE GLs:
head CT scan: in case of absence of other injuries or high energy traumas (and 
supervision at home and low risk of further falls) then discharge

Vos PE, et al. Mild traumatic brain injury. Eur J Neurol. 2012;19(2):191-198
Undén J, et al. Scandinavian guidelines for initial management of minimal, mild and moderate head injuries in adults: 
an evidence and consensus-based update. BMC Med. 2013;11:50
Head injury: assessment and early management NICE Guideline, No. 232 London: National Institute for Health and 
Care Excellence (NICE); 2023 May 18. ISBN-13: 978-1-4731-5026-3  
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The problem of the guidelines:
the "specific" GLs

✔ To date, there aren’t specific guidelines on TBI patients on anticoagulants

✔ Only few studies focused specifically on recommendations regarding TBI :

- An interdisciplinary group of Austrian experts

- The Brain Injury GL (BIG): patients on warfarin are allocated to the 
most severe tertile (BIG3)

Wiegele M, et al.E. Diagnostic and therapeutic approach in adult patients with traumatic brain injury receiving oral 
anticoagulant therapy: an Austrian interdisciplinary consensus statement. Crit Care. 2019;23(1):62.
Gallagher SP, et al. Modified BRAIN INJURY GUIDELINE for pre-injury anticoagulation in traumatic brain injury: 
an opportunity to reduce healthcare resource utilization. J Trauma Acute Care Surg. 2024 Feb 1;96(2):240-246.
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The problem of the Clinical Decision Rules:
the "sensitive" CDRs

✔ No specific decision rule dedicated only to OAT patients with mTBI is 
currently available 

✔ In the two main validated CDRs - the Canadian CT Head Rule (CCHR) and 
the New Orleans Criteria (NOC) OAT was an exclusion criterion 

Stiell IG, et al. The Canadian CT Head Rule for patients with minor head injury. Lancet. 2001;357(9266):1391-1396.
Haydel MJ, et al. Indications for computed tomography in patients with minor head injury. N Engl J Med. 
2000;343(2):100-105.
Alzuhairy AKA. Accuracy of Canadian CT Head Rule and New Orleans Criteria for Minor Head Trauma; a Systematic 
Review and Meta-Analysis. Arch Acad Emerg Med. 2020;8(1):e79. 
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The problem of the Clinical Decision Rules:
the "specific" CDRs from retrospective studies

Cipriano A, et al. Predictors of post-traumatic complication of mild brain injury in anticoagulated patients: DOACs are safer than 
VKAs. Intern Emerg Med. 2021;16(4):1061-1070
Turcato G, et al. Risk factors associated with intracranial bleeding and neurosurgery in patients with mild traumatic brain injury 
who are receiving direct oral anticoagulants. Am J Emerg Med. 2021;43:180-185
Park N, et al. Multi-centric study for development and validation of a CT head rule for mild traumatic brain injury in direct oral 
anticoagulants: the HERO-M nomogram. BMC Emerg Med. 2023;23(1):122
Turcato G, et al. Decision tree analysis for assessing the risk of post-traumatic haemorrhage after mild traumatic brain injury in 
patients on oral anticoagulant therapy. BMC Emerg Med. 2022;22(1):47

Clinical predictor OAT Only DOA

Post-traumatic amnesia Cipriano, Turcato 2022 Turcato 2021

Signs of trauma above the clavicles Cipriano, Turcato 2022 Cipriano, Turcato 2021, Park

Major dynamics Turcato 2022 Turcato 2021, Park

Post-traumatic transitory loss of consciousness Turcato 2022 Turcato 2021, Park

GCS score <15 Turcato 2022 Turcato 2021, Park

Post-traumatic headache / Turcato 2021, Park

Previous neurosurgery / Turcato 2021, Park

Post-traumatic vomiting / Park
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HYPOTESIS

Could be possible to use BIOMARKERS
for the RULE OUT of patients
with MINOR HEAD INJURY

on ANTICOAGULANT THERAPY ? 

Voelker R. Taking a Closer Look at the Biomarker Test for Mild Traumatic Brain Injury. JAMA. 2018;319(20):2066-2067.
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Ratto di Proserpina
Gian Lorenzo Bernini (Napoli 1598 - 
Roma 1680)
Roma, Galleria Borghese Sala IV - Sala 
degli Imperatori

PROtein S (in) Emergency Room (of) Patients
(with) Head Injury oN Anticoagulants:

the PROSERPHINA STUDY

The origins
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Scope of the study

The purpose of this study was the incidence of 
significative clinical outcomes in anticoagulated 
patients following a MHI, who were treated according 
to EFNS guidelines in our Emergency Department 
Observational Unit (EDOU). We prospectively 
assessed a number of well-known clinical predictors 
for poor clinical outcomes, ICI and dICI

Menditto VG, Moretti M, Babini L, Sampaolesi M, Buzzo M, Montillo L, Raponi A, Riccomi F, Marcosignori M, 
Rocchi M, Pomponio G. Minor head injury in anticoagulated patients: Outcomes and analysis of clinical predictors. 
A prospective study. Am J Emerg Med. 2024;76:105-11
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Outcomes of the study

Primary outcome: 
the cumulative rate of MHI-related death or MHI related re-admission to ED 
at day +30 in the study population

Secondary outcomes:
the rate of dICI in the study population
the rate of ICI (on the first or the second CT scan) and of MHI-related 
death or MHI related re-admission to ED at day +30 in all enrolled patients

Menditto VG, Moretti M, Babini L, Sampaolesi M, Buzzo M, Montillo L, Raponi A, Riccomi F, Marcosignori M, 
Rocchi M, Pomponio G. Minor head injury in anticoagulated patients: Outcomes and analysis of clinical predictors. 
A prospective study. Am J Emerg Med. 2024;76:105-11
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Results of the study

Menditto VG, Moretti M, Babini L, Sampaolesi M, Buzzo M, Montillo L, Raponi A, Riccomi F, Marcosignori M, 
Rocchi M, Pomponio G. Minor head injury in anticoagulated patients: Outcomes and analysis of clinical predictors. 
A prospective study. Am J Emerg Med. 2024;76:105-11

*

* study population
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Results of the study

Menditto VG, Moretti M, Babini L, Sampaolesi M, Buzzo M, Montillo L, Raponi A, Riccomi F, Marcosignori M, 
Rocchi M, Pomponio G. Minor head injury in anticoagulated patients: Outcomes and analysis of clinical predictors. 
A prospective study. Am J Emerg Med. 2024;76:105-11
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Results of the study

❖ In the study population
30-day overall mortality: 2%
primary outcome: 4% (95% CI: 2.2–5.8%) 1 MHI related death and 18 MHI related readmission

dICI: 4.7% (95% CI: 2.7–6.6%)
No patients required operative neurosurgery

❖ In the enrolled population:
30-day overall mortality: 2.5% 
MHI-related death or MHI related readmission: 5.8% (95% CI: 4.0–7.7%)
ICI: 16.8% (95% CI: 13.8–19.8%)
No patients required operative neurosurgery

Menditto VG, Moretti M, Babini L, Sampaolesi M, Buzzo M, Montillo L, Raponi A, Riccomi F, Marcosignori M, 
Rocchi M, Pomponio G. Minor head injury in anticoagulated patients: Outcomes and analysis of clinical predictors. 
A prospective study. Am J Emerg Med. 2024;76:105-11
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Results of the study

❖ Univariate and multivariate logistic analysis 
could not identify any clinical factor alone 
or in combination as independent predictors 
for the primary outcome 

❖ Only post-traumatic severe headache (OR: 
5.10; 95% CI: 1.26–20.75; p = 0.02) and 
post-traumatic vomiting (OR: 3.44; 95% CI: 
1.20–9.89; p = 0.02) correlated with ICI on 
the first or the second head CT scan

Menditto VG, Moretti M, Babini L, Sampaolesi M, Buzzo M, Montillo L, Raponi A, Riccomi F, Marcosignori M, 
Rocchi M, Pomponio G. Minor head injury in anticoagulated patients: Outcomes and analysis of clinical predictors. 
A prospective study. Am J Emerg Med. 2024;76:105-11
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Scope of the study

The purpose of this study was to 
assess the reliability of S100B, 
NSE, GFAP, UCH-L1 and Brain 
Trauma Indicator™ (BTI) plasma 
test as negative predictive tools for 
delayed intra-cranial injury (dICI) 
after MHI in patients on OAT

Menditto VG, Moretti M, Babini L, Mattioli A, Giuliani AR, Fratini M, Pallua FY, Andreoli E, Nitti C, Contucci S, Gabrielli 
A, Rocchi MBL, Pomponio G. Minor head injury in anticoagulated patients: performance of biomarkers S100B, NSE, GFAP, 
UCH-L1 and Alinity TBI in the detection of intracranial injury. A prospective observational study. Clin Chem Lab Med. 
2024 Jan 12. doi: 10.1515/cclm-2023-1169
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The scenario
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Six commonly investigated blood biomarkers:

1. S100 calcium binding protein B (S100B) [astrocytes, 
glia and Schwann cells]

2. glial fibrillary acidic protein (GFAP) [astrocytes]
3. ubiquitin carboxy-terminal hydrolase-L1 (UCH-L1) 

[neurons] 
4. neuron specific enolase (NSE) [neurons] 
5. neurofilament light chain (NF-L) [neurons] 
6. tau protein [neurons] 

Brain damage biomarkers

Kevin K et al.  (2018) An update on diagnostic and prognostic biomarkers for traumatic brain injury, Expert Review of Molecular 
Diagnostics, 18:2, 165-180
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Kevin K et al.  (2018) An update on diagnostic and prognostic biomarkers for traumatic brain injury, Expert Review of Molecular 
Diagnostics, 18:2, 165-180

Brain damage biomarkers
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Methods: biomarkers

The BTI plasma test (BTI) reported “not elevated” if the concentrations of both GFAP 
and the UCH-L1 are below their respective cut-offs

Biomarker
Limit of 

quantification 
(LoQ)

Range Cut-off

S100B 0.02 μg/mL 0.005 - 39 μg/mL 0.105 μg/mL
NSE 0.225 ng/mL 0.075 ‑ 300 ng/mL 14.7 ng/mL
GFAP 6.1 pg/mL 3.2 - 42000 pg/mL 35 pg/mL
UCH-L1 26.3 pg/mL 18.3 - 25000 pg/mL 400 pg/mL
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The performance measures (ROULE OUT) of the biomarkers for the detection 
of dICI and ICI were:
- sensitivity (SE), specificity (SP)
- positive predictive value (PPV) and negative predictive value (NPV)

Receiver operating characteristic (ROC) curve analysis was used to determine 
the optimal cut-off value for biomarkers’ serum level to maximize sensitivity 
and NPV

Menditto VG, Moretti M, Babini L, Mattioli A, Giuliani AR, Fratini M, Pallua FY, Andreoli E, Nitti C, Contucci S, Gabrielli 
A, Rocchi MBL, Pomponio G. Minor head injury in anticoagulated patients: performance of biomarkers S100B, NSE, GFAP, 
UCH-L1 and Alinity TBI in the detection of intracranial injury. A prospective observational study. Clin Chem Lab Med. 
2024 Jan 12. doi: 10.1515/cclm-2023-1169

Performance measures of the study
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Menditto VG, Moretti M, Babini L, Mattioli A, Giuliani AR, Fratini M, Pallua FY, Andreoli E, Nitti C, Contucci S, Gabrielli 
A, Rocchi MBL, Pomponio G. Minor head injury in anticoagulated patients: performance of biomarkers S100B, NSE, GFAP, 
UCH-L1 and Alinity TBI in the detection of intracranial injury. A prospective observational study. Clin Chem Lab Med. 
2024 Jan 12. doi: 10.1515/cclm-2023-1169

Results of the study
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Menditto VG, Moretti M, Babini L, Mattioli A, Giuliani AR, Fratini M, Pallua FY, Andreoli E, Nitti C, Contucci S, Gabrielli 
A, Rocchi MBL, Pomponio G. Minor head injury in anticoagulated patients: performance of biomarkers S100B, NSE, GFAP, 
UCH-L1 and Alinity TBI in the detection of intracranial injury. A prospective observational study. Clin Chem Lab Med. 
2024 Jan 12. doi: 10.1515/cclm-2023-1169

Results of the study
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Menditto VG, Moretti M, Babini L, Mattioli A, Giuliani AR, Fratini M, Pallua FY, Andreoli E, Nitti C, Contucci S, Gabrielli 
A, Rocchi MBL, Pomponio G. Minor head injury in anticoagulated patients: performance of biomarkers S100B, NSE, GFAP, 
UCH-L1 and Alinity TBI in the detection of intracranial injury. A prospective observational study. Clin Chem Lab Med. 
2024 Jan 12. doi: 10.1515/cclm-2023-1169

Results of the study

Biomarker Beyond the

cut-off (%)

Sensibility

% (95% CI)

Specificity

% (95% CI)

VPN

% (95% CI)

VPP

% (95% CI)
S100B 53 38.5 (13.9- 68.4) 45.7 (39.0- 52.5) 92.7 (86.0-96.8) 4.0 (1.3-9.1)

NSE 36 46.1 (19.1-74.9) 39.4 (32.54-46.57) 91.8 (83.8-96.6) 4.8 (1.8-10.1)

UCH-L1 59 62.5 (24.5-91.5) 44.4 (37.7- 51.3) 96.9 (91.4-99.4) 4.0 (1.3-9.1)

GFAP 88 100 (63.0-100) 12.3 (7.7-18.3) 100 (83.2-100) 5.3 (2.1-10.2)

BTI 95 100 (63.1-100) 5.5 (2.6-10.2) 100 (66.4-100) 4.9 (2.2-9.5)
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Menditto VG, Moretti M, Babini L, Mattioli A, Giuliani AR, Fratini M, Pallua FY, Andreoli E, Nitti C, Contucci S, Gabrielli 
A, Rocchi MBL, Pomponio G. Minor head injury in anticoagulated patients: performance of biomarkers S100B, NSE, GFAP, 
UCH-L1 and Alinity TBI in the detection of intracranial injury. A prospective observational study. Clin Chem Lab Med. 
2024 Jan 12. doi: 10.1515/cclm-2023-1169

Results of the study

� ROC curve analysis showed an optimal cut-off for GFAP for the 
detection of dICI of 67 pg/mL providing a sensitivity of 100.0% (95% 
CI: 63.1%—100.0%), a specificity of 43.6% (95% CI: 35.8%-51.5%) 
and a NPV of 100.0% (95% CI: 94.9%—100.0%) 
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Menditto VG, Moretti M, Babini L, Mattioli A, Giuliani AR, Fratini M, Pallua FY, Andreoli E, Nitti C, Contucci S, Gabrielli 
A, Rocchi MBL, Pomponio G. Minor head injury in anticoagulated patients: performance of biomarkers S100B, NSE, GFAP, 
UCH-L1 and Alinity TBI in the detection of intracranial injury. A prospective observational study. Clin Chem Lab Med. 
2024 Jan 12. doi: 10.1515/cclm-2023-1169

Results of the study

� The NPV and PPV of UCH-L1 for the identification of ICI on first or second 
CT scan were 84.5% (95% CI 75-91.5%) and 21% (95% CI 14.5-29%), 
respectively

� The NPV and PPV of GFAP for the identification of ICI on first or second 
CT scan were 95.8% (95% CI 79-99.9%) and 20.7% (95% CI 15.2-27.1%), 
respectively

� The NPV and PPV of BTI for the identification of ICI on first or second CT 
scan were 90.9% (95% CI 58.7-99.8%) and 19.4% (95% CI 14.2-25.5%), 
respectively
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Discussion

✔ Many studies evaluated mTBI in anticoagulated patients, but they are retrospective; our study, 
as a recent cohort by Uccella et al., showed data from prospective cohort

✔ We confirmed that the risk of ICI after mTBI in anticoagulated patients is not neglectable 
(13%) and similar to that reported in a recent sytematic review (9.4%) by Karamian et al.

✔ We didn’t find that DOAs were associated with a reduced risk of ICI compared to the use of 
VKAs as presented in a recent sytematic review (OR of 0.44) by  Santing et al.

✔ We presented for the first time data about the performance of 4 brain damage biomarkers in 
anticoagulated patients after a mTBI, in a moment in which only one study concerning S100B 
was available 

Karamian A, et al. Incidence of intracranial bleeding in mild traumatic brain injury patients taking oral 
anticoagulants: a systematic review and meta-analysis. J Neurol. 2024 doi: 10.1007/s00415-024-12424-y
Uccella L, et al. Use of the Canadian CT head rule for patients on anticoagulant/anti-platelet therapy presenting 
with mild traumatic brain injury: prospective observational study. Front Neurol. 2024 doi: 10.3389/fneur.2024 
Kobeissy F, et al. The game changer: UCH-L1 and GFAP-based blood test as the first marketed in vitro diagnostic 
test for mild traumatic brain injury. Expert Rev Mol Diagn. 2024;24(1-2):67-77
Santing JAL, et al. Mild Traumatic Brain Injury in Elderly Patients Receiving Direct Oral Anticoagulants: A 
Systematic Review and Meta-Analysis. J Neurotrauma. 2022;39(7-8):458-72
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Take home messages

✔ Managing TBI in patients who are anticoagulated presents unique challenges 
and requires careful consideration to balance the risks of bleeding with the 
risk of thrombosis

✔ We confirmed that the mortality and the need of neurosurgery were low in 
anticoagulated patients after a mTBI, however the community of clinicians 
have not yet reached a consensus on the ‘acceptable’ risk threshold 

✔ One of the most controversial issue is the selection of those patients who 
really benefit from prolonged observation and repeat CT scan: checking a 
combination of clinical predictors and biomarkers, such as GFAP, after a 
first negative CT scan, could be effective and reduce unnecessary resource 
wasting, without missing dICI 

Menditto VG et al. 2024 Traumatic Brain Injury in Patients under Anticoagulant  
Therapy: Management in Emergency Department. A Review. In Press
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In conclusion, the management of minor 
head injury in patients receiving oral 
anticoagulant therapy could become a 
classic topic. According to Calvino, 
classics are topics that, as much as we 
think we know them, are new and 
unexpected. 

Conclusion

Calvino I. Perchè leggere i classici ? 1991



THANK YOU FOR YOUR ATTENTION
Hands

Le osservo, le stringo e, quando le parole non sono efficaci, mi affido a loro per capire
mi descrivono sempre la sofferenza ed il dolore, spesso la lotta ed a volte mi confidano la speranza
le condivido perché parlino anche a voi 

I observe them, and hold them. When words are not enough, they always convey pain and suffering, often a struggle, and at times hope.
I share them with you so they can speak to you too

Menditto 2024


