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Abstract

Introduction Traumatic brain injury (TBI) remains a leading cause of hospital admission and mortality, intracranial hemor-
rhage (ICH) presents a severe complication. Low complication tolerance in developed countries and risk uncertainty, often
cause excessive observation, diagnostics and hospitalization, considered unnecessary and expensive. Risk factors predicting
ICH, progression and death in patients hospitalized with mild TBI have not been identified yet.

Methods Mild TBI cases indicated for cranial computer tomography (CT) and hospitalization, according to international
guidelines, at our Level I Trauma Center between 2008 and 2018 were retrospectively included. Multivariate logistic regres-
sion was performed for ICH, progression and mortality predictors.

Results 1788 mild TBI adults (female: 44.3%; age at trauma: 58.0+22.7), were included. Skull fracture was diagnosed
in 13.8%, ICH in 46.9%, ICH progression in 10.6%. In patients < 35 years with mild TBI, chronic alcohol consumption
(p=0.004) and skull fracture (p <0.001) were significant ICH risk factors, whilst in patients between 35 and 65 years, chronic
alcohol consumption (p <0.001) and skull fracture (p < 0.001) revealed as significant ICH predictors. In patients with mild
TBI> 65 years, age (p=0.009), anticoagulation (p =0.007) and neurocranial fracture (p <0.001) were significant, independ-
ent risk factors for ICH, whilst increased age (p =0.01) was a risk factor for mortality following ICH in mild TBI. Late-onset
ICH only occurred in mild TBI cases with at least two of these risk factors: age > 65, anticoagulation, neurocranial fracture.
Overall hospitalization could have been reduced by 15.8% via newly identified low-risk cases.

Conclusions Age, skull fracture and chronic alcohol abuse require vigilant observation. Repeated CT in initially ICH nega-
tive cases should only be considered in newly identified high-risk patients. Non-ICH cases aged < 65 years do not gain safety
from observation or hospitalization. Recommendations from our data might, without impact on patient safety, reduce costs
by unnecessary hospitalization and diagnostics.
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Background

Traumatic brain injury (TBI) remains a leading cause of
hospital admission and mortality amongst trauma patients
[1]. According to the Centers for Disease Control and Pre-
vention (CDC), in the United States (US), more than 3 Mio.
people experience TBI per year, resulting in approximately
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2.5 Mio. emergency department visits (5% of emergency
visits), of which 280.000 demand hospitalization, causing
over 52,000 deaths [2, 3]. The economic impact of TBI was
calculated as approximately $76.5 billion (in 2010 US dol-
lar) per year, 90% of which is caused by cases demanding
hospitalization [4].

Intracranial hemorrhage (ICH; subdivided into epidural
hematoma (EDH), subdural hematoma (SDH), subarach-
noid bleeding (SAB) and intracerebral bleeding) can occur
in mild TBI cases and can lead to severe complications.
Described risk factors for ICH are the presence of symp-
toms associated with mild TBI (severe headache, vomiting,
seizure, amnesia, consciousness, focal neurological signs),
signs of moderate and severe TBI, increased age, alcohol
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or other substance intoxication, anticoagulation therapy and
signs of skull fracture and/or rhinoliquorrhea [5-8]. Since
the absence of any of these signs cannot fully close out the
eventuality of ICH, the use of cranial computer tomogra-
phy scans (CT) for the screening of even minor head injury
cases, has widely become clinical routine [6, 9—11]. Such
screening is expensive, calculations revealed that the reduc-
tion of only 10% of CT scans performed on mild TBI could
save more than $20 Mio. per year [12].

Consequently, the clinical decision on the extent of mild
TBI screening is often based on consensus agreements or
department own protocols [5, 13], to reduce health care
expenditures and still keep patient safety on a high level.
Still, especially in developed countries, where (1) medi-
colegal climate shows zero tolerance for misdiagnosis and
(2) ageing population on oral anticoagulants, potentially
increasing ICH rate following TBI [14] is increasing, CT
screening and hospitalization is often broadly justified by
doubt or patients demand.

Once, mild TBI cases have been selected and CT screen-
ing was performed, evidence on risk factors for case devel-
opment and clinical outcome is lacking. This uncertainty in
risk estimation might lead to excessive observation, diagnos-
tics and hospitalization. Earlier studies revealed that identifi-
cation of ‘low-risk’ cases, suitable for alternative strategies
to inpatient observation can, with similar clinical outcome,
increase patients satisfaction and save costs [15].

This study was conducted to analyze the progression and
mortality risk in patients who had already been selected for
CT screening and hospitalization following TBI. Study aim
was the analysis of representative subgroups, their risk fac-
tors predicting ICH, CT progression and mortality, to allow
(1) improved risk estimation on hospitalized mild TBI
patients and (2) reduction of unnecessary diagnostics and
hospitalization in low-risk cases.

Methods
Ethics statement

This study was approved by the local Institutional Ethi-
cal Review Board (Reference number: EK-Nr. 29-534 ex
16/17) and performed in accordance with relevant regula-
tions; informed consent for data analysis was obtained from
participants during a hospital stay, if possible.

Study population
All adult patients (older than 18 years at trauma) diagnosed
with mild TBI which were indicated for CT screening and/

or hospitalization between 2008 and 2018 at our Level I
Trauma Center, were retrospectively included in this study.
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Case history and clinical follow up were retrieved from our
and associated centers’ intern data systems using keyword
identification of all written examination reports. Complete
mortality data/dates were received from centralized insur-
ance data.

Medical history, diagnosis of mild TBI (Classified
according to Centers for Disease Control and Prevention
(CDC) at our institution: Including Glasgow Coma Scale
score (GCS, best available score in 24 h) 13—15, duration
of altered mental state or loss of consciousness < 30 min,
duration of post-traumatic amnesia <1 day, and severity
of the head injury; [16, 17]), number and result (fracture,
bleeding, progression) of performed CT scans, demographic
data, anticoagulation and other concomitant diseases were
collected from all patients.

Institutional protocol for CT screening of TBI

CT screening is in line with the guidelines of the German
Society for Neurosurgery [18] which is mainly implementing
findings from the ‘Canadian CT Head Rule’ and the ‘New
Orleans Criteria’ [9, 11, 19]. In short form, CT scan was
highly indicated in mild TBI ‘risk cases’ with amnesia, neu-
rologic symptoms, seizure, clinical signs of skull fracture
and/or rhinoliquorrhea, known or suspected anticoagulation
in patients older than 60 years. CT scan was occasionally
indicated in cases of doubt and unclear trauma mechanism,
severe headache, substance intoxication or evidence for high
energy trauma.

Repetitive CT scan was indicated in clinical worsening
or missing clinical improvement on a case by case basis.
In cases with diagnosed ICH, follow-up CT was performed
as indicated by an interdisciplinary decision with neurosur-
geons in line with existing guidelines [18].

Institutional protocol for hospital observation

Indication for hospitalization of TBI cases was in line with
the guidelines of the German Society for Neurosurgery [18].
In short form, hospital observation was absolutely indicated
in cases demanding neurosurgical intervention, unconscious-
ness, posttraumatic changes in the CT scan and in patients
classified as ‘risk cases’ as described in the institutional pro-
tocol for CT screening. Relative indications were cases of
doubt, severe headache, nausea, substance intoxication and
unclear domestic care.

Statistical methods

SPSS Statistics 20 (IBM, Armonk, NY) was used for data
analysis. Comparisons between groups were made using
the chi-square test for categorical variables and the Student
t test for continuous variables when normally distributed.
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Multivariate logistic regression analysis as earlier described
by Hart et al.[20], including significant factors from univari-
ate analysis and age, was performed to identify independ-
ent factors predicting ICH, progression and mortality. A p
value < 0.05 was considered statistically significant.

Results

1788 mild TBI patients (female: 44.3%; age: 58.0+22.7,
min. 18.3—max. 103.7 years old at trauma) where hospitali-
zation was indicated according to international guidelines,
were retrospectively included in this study. Initial CT scans
were performed in 96.2% of these cases, in which a neu-
rocranial fracture was diagnosed in 13.8%, ICH in 46.9%.

Repetitive CT scans were performed in 44.2% during a
hospital stay, which led to a diagnosis of progredient bleed-
ing in 28.3% of these cases. Any surgical intervention dur-
ing hospitalization was necessary in 22.3% of all cases, in
6.0% neurosurgical intervention of the neurocranial frac-
ture or bleeding was performed; Patients were hospitalized
for 8.5+ 10.5 days. 2.5% (n=44) of all cases died within
30 days (this interval was considered correlated to their ini-
tial trauma), 22.9% of all cases died during the complete
follow-up of 3.9 +2.6 years.

Patients younger than 35 years

In this group (n=364) mortality within 30 days was 0.0%.
ICH was detected in 25.3% (n=289) of all cases in this age
group.

Amongst mild TBI cases younger than 35 years, chronic
alcohol consumption (p <0.001) and neurocranial fracture
(p <0.001) revealed significant risk factors for ICH in the
initial CT scan (Table 1), which remained significant after
age adjustment in a multivariate regression model. No sig-
nificant risk factors could be detected for bleeding progres-
sion (n=12) in the follow-up CT scan, neither for mortality
within 30 days, which did not occur at all in mild TBI cases
in this age group. Follow-up CT scans were performed in
3.4% of cases without initial detection of ICH, none of these
CT scans revealed novel evidence of bleeding.

Mild TBI cases younger than 35 years without ICH stayed
in the hospital for 4.3 +7.5 days after the initial trauma,
whilst cases with ICH were hospitalized significantly longer
(6.8 +£6.6 days; p=0.006).

Patients aged between 35 and 65 years

In this group (n=628) ICH was detected in 41.5% (n=225)
of all cases. ICH was significantly associated with chronic

alcohol consumption (p <0.001) renal insufficiency
(p=0.049), intake of ASS (p=0.009) and fracture of the

neurocranium (p < 0.001) (Table 1), of which chronic alco-
hol abuse (OR 1.22; p <0.001) and neurocranial fracture
(OR 1.46; p<0.001) remained significant, independent
factors in an age-adjusted multivariate logistic regression
analysis. Male sex, neurocranial fracture, subdural and
intracerebral bleeding revealed significant factors for bleed-
ing progression in the follow-up CT scan (Table 1), amongst
which intracerebral bleeding (OR 1.17; p=0.001) remained
an independent significant factor in an age-adjusted multi-
variate logistic regression analysis.

Mortality within 30 days from trauma was only observed
in one single case following mild TBI in this age group,
interestingly a case with chronic alcohol abuse.

In this age group, mild TBI cases without ICH were hos-
pitalized 7.1 +10.5 days after the initial trauma, whilst ICH
cases were hospitalized significantly longer (8.9 + 8.9 days;
p=0.029).

Patients older than 65 years

The age group older than 65 years with mild TBI can be
considered the most relevant patient group since it repre-
sented the largest subgroup (n=786; 44.5% of all included
cases) and had the highest ICH rate amongst mild TBI cases
(n=507; 63.7%). In this group, significant risk factors for
ICH in the initial CT were female sex (p=0.037) renal insuf-
ficiency (p =0.003), history of stroke (p =0.007), anticoagu-
lation therapy (p <0.001), ASS intake (» <0.001) and neu-
rocranial fracture (p <0.001) (Table 1). Multivariate logistic
regression analysis, including all significant risk factors and
age, revealed age (OR 1.01 per year; p=0.009), anticoagula-
tion (OR 1.1; p=0.007) and neurocranial fracture (OR 1.2;
p <0.001) significant, independent factors for ICH in mild
TBI cases aged over 65 years.

Progression in the follow-up CT scan was observed in
132 cases, significant risk factors were coumarin intake
(p=0.010), neurocranial fracture (p =0.002), SAB
(p=0.001), SDH (p <0.001) and intracerebral bleed-
ing (p=0.025) (Table 1). Multivariate logistic regression
analysis, including all significant factors and age, revealed
neurocranial fracture (OR 1.15; p=0.005), SAB (OR 1.14;
p<0.001), SDH (OR 1.16; p<0.001) and intracerebral
bleeding (OR 1.09; p=0.006) significant, independent risk
factors for ICH progression in a CT follow-up.

Whilst mild TBI cases aged over 65 years revealed a
5.4% 30-day mortality following initial trauma (n =43, age:
82.7+9.3 years), it increases to 8.5% in patients with ICH.
No statistically representative, significant risk factor could
be identified for mortality in this group (Table 1). Multivari-
ate logistic regression analysis, including all factors with a p
value < 0.1 and age, revealed that patients age (OR 1.01 per
year; p=0.01) was the only determining, independent risk
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Table 1 (continued)

> 65 years

35-65 years

<35 years

p

Death

p

Progres-
sion

p ICH

Death

p

Progres-
sion

p ICH

Death

p

Progres-
sion

ICH

Trauma

0.292

0.277 0of 19

0.542 10f9

11 of 19

0.483 60f29 0.764 n.n

26 of 69

11 of 30 0.134 10of8 0.817 n.n

Pol-

ytrauma
Skull

0.469

0.002 4 of 105

220f 82 <0.001 35 of 87

0.010 n.n

0.419 n.n 90of 111  <0.001 24 of 88

<0.001 6o0f23

27 of 35

fracture

ICH

0.951

0.215 1of24

3of24

0.807 n.n

30f 20

0.680 n.n

2 of 7

7 of 34
40f 18
6 of 24

EDH
SAB

0.001 190of313 0.325

89 of 271

0.252 10f 177 0.116

0.035 n.n
<0.001 n.n

30 of 142
21 of 80
29 of 92

0.484 n.n

750f212 <0.001 17 of 240 0.098

51 of 148

0.216 n.n

SDH

0.025 150f 160 0.056

0.359 n.n

Intracer-

ebral

Bold value indicates for statistical significance (p < 0.05)

Drugs have been ordered according to the frequency of occurrence; ‘alcohol abuse’ and ‘renal insufficiency’ are used for the chronic condition

ICH intracranial hematoma, p p value, EDH epidural hematoma, SAB subarachnoid hematoma, SDH subdural hematoma

factor for mortality following ICH in mild TBI cases aged
over 65 years within 30 days after trauma.

Most deceased cases were highly multimorbid, a concise
causality of death was often not documented. From cases
with complete documentation available, 63.6% deceased
causally related to TBI, the others most probably from fur-
ther health state deterioration related to TBI or the initial
trauma (e.g., pneumonia, probably aspiration induced).

In this age group, mild TBI cases without ICH were
hospitalized 6.2 + 8.2 days after theee initial trauma, whilst
cases with ICH were hospitalized significantly longer
(7.9+6.2 days; p=0.002).

Risk group identification for mild TBI

Analysis of risk factors led to the identification of sub
groups with increased risk of ICH, the progression of bleed-
ing in the follow-up CT and death within 30 days following
trauma (Fig. 1): Whilst patients younger than 35 years, who
were admitted to hospital with mild TBI and no further
risk factors, revealed a bleeding risk of 15.9%, a bleeding
progression risk in follow-up CT of 1.6% and 0.0% mortal-
ity risk in our study population, presence of a neurocranial
fracture in the CT increased the progression risk to 10.7%.
Population aged > 65 had a much higher bleeding risk of
46.6% if no other risk factors were present, a bleeding pro-
gression risk of 8.0% and a mortality risk of 3.4%. When
anticoagulation therapy and renal insufficiency were present
at the same time in age > 65 years cases, bleeding risk was
74.6%, progression risk 27.2% and mortality risk within
30 days 8.5%. (Fig. 1).

ICH in initially negative CT cases

Follow-up CT was performed in 110 mild TBI cases, where
initial CT revealed no ICH, mainly due to the severity of
symptoms; in this group 55 cases (50%) were older than
65 years. Interestingly follow-up CT revealed novel ICH in
four cases (3.6%), all older than 65 years (80 + 6.7 years)
and all on anticoagulation therapy (2 cumarin, 1 phenpro-
coumon, 1 ASS), neurocranial fracture had been diagnosed
in 3 (75%) cases in the initial CT scan.

Potential cost reduction by reduced hospitalization

Mild TBI cases, younger 65 years, without ICH, without
a history of alcohol abuse, who did not undergo any sur-
gical intervention during their hospital stay, were selected
(n=462). In summary, these ‘low risk’ cases stayed in
theee hospital for 1254 days (15.8% of overall 7945 days)
for observation which cost approximately 1.2 Mio USD
(considering 942 USD/day in the hospital as calculated by
Austrian Health Authorities in 2017).

@ Springer
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Fig. 1 Graphical representation
of selective risk groups amongst
mild TBI cases, concerning
ICH, progression and mortality
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Discussion

Patients admitted to hospital with mild TBI still present a
high factor of uncertainty, concerning further risk-adapted
diagnostics and observation. Especially in elderly patients,
risk factors for ICH in mild TBI cases, have been largely
investigated [5-8].

All patients admitted to our Level I Trauma Center with
TBI within a decade (2008-2018) were screened according
to international guidelines on CT screening and hospitaliza-
tion [18]. Triggered by decreasing diagnostic error tolerance,
international guidelines on CT screening and hospitalization
of these patients, focus on safety maximization.

Known risk factors for complications in mild TBI cases,
namely age > 65, chronic kidney disease, anticoagulation
therapy, chronic alcohol abuse and neurocranial fracture,
have earlier been identified [5-8, 21-23], and were in line
with our results, supporting the comparability of our popula-
tion to earlier published data. One exception was, that our
mild TBI cases had a higher ICH rate compared to interna-
tionally published data [8, 19, 24]. An explanation could
be, that clinically severe cases and cases with diagnosed
ICH were transmitted to our Level I Trauma Center by local
centers, negatively screened cases were vice versa sent to
lower-level units.

Earlier publications suggest a correlation between skull
fracture and ICH [25, 26], which is in line with our find-
ings. Our data adds evidence, that skull fracture is a sig-
nificant, independent risk factor for ICH formation in mild
TBI cases in all age groups, and progression in patients
aged > 65 years. The highly significant correlation between

@ Springer

skull fracture and ICH in patients aged < 35 years (Fig. 1) is
an indicator of highly energetic underlying trauma in these
young patients, as we suppose.

Whilst broad evidence and international guidelines sup-
port a clinical decision on screening and hospitalization,
further management of patients hospitalized for mild TBI
remained unclear so far, since concrete risk factors, requiring
vigilance were unknown in detail [3, 26, 27]. We hypoth-
esized, that this lack of knowledge, via risk avoidance, leads
to excessive diagnostics and unnecessary length of hospi-
talization in ‘low risk cases’—which can actually be con-
cluded from our data. We further aimed to provide detailed
knowledge on progression and mortality factors in mild TBI
patients (Fig. 1), allowing better, risk-adapted case handling
(Fig. 2), as our data suggest:

Patients with mild TBI and initial CT without detection
of bleeding, but ongoing or progressive TBI symptoms,
often trigger clinicians to perform a follow-up CT scan
during their hospital stay—which was the case in 12.4% of
our patients. During 10 years of observation, none of these
scans led to the detection of newly occurred bleeding in mild
TBI cases younger than 65 years (making up 50% of these
cases). Our data suggest consideration of follow-up CT, in
initially negative mild TBI cases, only if at least two of these
risk factors are present: age > 65, anticoagulation therapy,
neurocranial fracture.

Within 10 years of observation, none out of 621 mild
TBI patients aged < 65 years, revealed late-onset ICH during
their further course, no case died within 30 days. From all
965 mild TBI cases in this age group, including primary ICH
cases, we could only detect one case of mortality (following
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Fig.2 Recommendations that
can be drawn from our analysis
of TBI patients within a decade.

Recommendations for hospitalized mild TBI cases

(1), factors requiring vigilance;
(+), positive recommendation; I
(—), negative recommendation; -

Skull fracture is a risk factor for ICH and progression and
requires hospitalization.

Higher age is an independent risk factor for bleeding and
further complications.

Chronic alcohol abuse cases with ICH require close
-4 | observation, progression and mortality were found
increased in all age groups

Repeated CT scan in non-ICH cases should be considered
+ when at least 2 of these risk factors are present: Age >65
years, Anticoagulation therapy, Neurocranial fracture.

Non-ICH cases aged <65 years do not gain any safety
benefit from hospitalization or repeated CT scans.

ICH/SAB progression), who was an alcohol addict. Similar
case reports on chronic alcohol abuse, ICH progression and
mortality following TBI, have earlier been discussed in the
literature [27, 28]. In these cases, even if aged < 65 years, we
suggest higher vigilance.

Follow-up CT is suggested in all ICH cases following
TBI since progression can never be fully ruled out in any
risk constellation [26], which is supported by our data. Low
tolerance for undetected complications in ICH cases also
supports this procedure in all cases, where progression has
a clinical implication. On the other hand, according to our
data, non-elderly patients without ICH, repetitive CT or hos-
pitalization, only cause costs without safety benefit.

Strikingly, our calculations revealed that non-hospital-
ization of non-ICH mild TBI cases < 65 years, cases with
hospital stays for surgical interventions for additional inju-
ries excluded, would have reduced the absolute number of
TBI associated hospitalization days by 15.8%, saving scarce
resources (lack in hospitalization slots) and 1.1 Mio. USD
within the observation period.

These resources could be spent more effectively on reha-
bilitation and prevention programs, recent publications
found increased depression, alcohol use disorder and gam-
bling rates in patients following TBI [29-31].

Limitations must be considered when our data
is interpreted:

Cases were retrospectively included, with a TBI severity
selection bias of a Level I Trauma Center. This could result
in underreporting of ‘low-risk cases’, and consequently have

reduced the calculated cost reduction by our suggestions,
since these cases were transmitted to external units.

Comparison of hospitalization length between subgroups
might exclude adjacent stays in external institutions, often
administered following acute treatment at our institution.
This might explain shorter mean hospitalization in elderly
patients, for whom the availability of such external institu-
tion is better.

Furthermore, concomitant injuries to TBI, which might
also have demanded extended hospitalization, have not been
completely considered in all included 1788 cases—since
they might be equally contributed between all groups.

Conclusion

Evidence, retrieved from mild TBI cases treated at our Level
I Trauma Center within a decade, allowed the identification
of risk factors correlated with complications and mortality,
enabling more risk-adjusted hospitalization and diagnostics.

We believe that recommendations based on our data
might reduce costs by unnecessary hospitalization and diag-
nostics, without negative impact on patient safety.

Acknowledgements Open access funding provided by Medical Uni-
versity of Graz.

Author contributions LL, AL and PP contributed to the conception of
the study; LL, JHE, GB, NE, SK and PP wrote the main manuscript
text; LL, JHE, AL and PP prepared figures and tables; LL, JHE and
GB acquired and analyzed the data; all authors reviewed and corrected
the manuscript.

@ Springer



626

Archives of Orthopaedic and Trauma Surgery (2021) 141:619-627

Funding No external source of funding was used in this study.

Compliance with ethical standards

Conflict of interest The authors declare no competing financial inter-
ests.

Ethics statement This study was approved by the Institutional Ethical
Review Board (Reference number: 29-534 ex 16/17).

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Maegele M, Schochl H, Menovsky T, Marechal H, Marklund N,
Buki A, Stanworth S (2017) Coagulopathy and haemorrhagic
progression in traumatic brain injury: advances in mechanisms,
diagnosis, and management. Lancet Neurol 16(8):630-647. https
://doi.org/10.1016/S1474-4422(17)30197-7

2. Zeeshan M, Jehan F, O’Keeffe T, Khan M, Zakaria ER, Hamidi M,
Gries L, Kulvatunyou N, Joseph B (2018) The novel oral anticoag-
ulants (NOACs) have worse outcomes compared with warfarin in
patients with intracranial hemorrhage after TBI. J Trauma Acute
Care Surg 85(5):915-920. https://doi.org/10.1097/TA.00000
00000001995

3. Carnevale JA, Segar DJ, Powers AY, Shah M, Doberstein C, Drap-
cho B, Morrison JF, Williams JR, Collins S, Monteiro K, Asaad
WF (2018) Blossoming contusions: identifying factors contribut-
ing to the expansion of traumatic intracerebral hemorrhage. J Neu-
rosurg 129(5):1305-1316. https://doi.org/10.3171/2017.7.JNS17
988

4. Finkelstein ECP, Miller T, associates. (2006) The incidence and
economic burden of injuries in the United States. Oxford Univer-
sity Press, New York

5. IbanezJ, Arikan F, Pedraza S, Sanchez E, Poca MA, Rodriguez D,
Rubio E (2004) Reliability of clinical guidelines in the detection
of patients at risk following mild head injury: results of a prospec-
tive study. J Neurosurg 100(5):825-834. https://doi.org/10.3171/
jns.2004.100.5.0825

6. Haydel MJ, Preston CA, Mills TJ, Luber S, Blaudeau E, DeBlieux
PM (2000) Indications for computed tomography in patients with
minor head injury. N Engl J Med 343(2):100-105. https://doi.
org/10.1056/NEJM200007133430204

7. Prexl O, Bruckbauer M, Voelckel W, Grottke O, Ponschab M,
Maegele M, Schochl H (2018) The impact of direct oral antico-
agulants in traumatic brain injury patients greater than 60-years-
old. Scand J Trauma Resusc Emerg Med 26(1):20. https://doi.
org/10.1186/s13049-018-0487-0

8. Yuksen C, Sittichanbuncha Y, Patumanond J, Muengtaweepongsa
S, Sawanyawisuth K (2018) Clinical predictive score of intracranial

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

hemorrhage in mild traumatic brain injury. Ther Clin Risk Manag
14:213-218. https://doi.org/10.2147/TCRM.S147079

Stiell IG, Lesiuk H, Wells GA, Coyle D, McKnight RD, Brison R,
Clement C, Eisenhauer MA, Greenberg GH, Macphail I, Reardon
M, Worthington J, Verbeek R, Rowe B, Cass D, Dreyer J, Holroyd
B, Morrison L, Schull M, Laupacis A, Canadian CTH, Group CSS
(2001) Canadian CT head rule study for patients with minor head
injury: methodology for phase II (validation and economic anal-
ysis). Ann Emerg Med 38(3):317-322. https://doi.org/10.1067/
mem.2001.116795

Saboori M, Ahmadi J, Farajzadegan Z (2007) Indications for brain
CT scan in patients with minor head injury. Clin Neurol Neurosurg
109(5):399—-405. https://doi.org/10.1016/j.clineuro.2007.01.013

Stiell IG, Wells GA, Vandemheen K, Clement C, Lesiuk H, Lau-
pacis A, McKnight RD, Verbeek R, Brison R, Cass D, Eisenhauer
ME, Greenberg G, Worthington J (2001) The Canadian CT head
rule for patients with minor head injury. Lancet 357(9266):1391-
1396. https://doi.org/10.1016/s0140-6736(00)04561-x

Reinus WR, Wippold FJ 2nd, Erickson KK (1993) Practical
selection criteria for noncontrast cranial computed tomography
in patients with head trauma. Ann Emerg Med 22(7):1148-1155.
https://doi.org/10.1016/s0196-0644(05)80981-3

Wiegele M, Schochl H, Haushofer A, Ortler M, Leitgeb J, Kwasny
O, Beer R, Ay C, Schaden E (2019) Diagnostic and therapeutic
approach in adult patients with traumatic brain injury receiving
oral anticoagulant therapy: an Austrian interdisciplinary consen-
sus statement. Crit Care 23(1):62. https://doi.org/10.1186/s1305
4-019-2352-6

Frontera JA, Lewin JJ 3rd, Rabinstein AA, Aisiku IP, Alexandrov
AW, Cook AM, del Zoppo GJ, Kumar MA, Peerschke EI, Stiefel
MF, Teitelbaum JS, Wartenberg KE, Zerfoss CL (2016) Guide-
line for reversal of antithrombotics in intracranial hemorrhage:
a statement for healthcare professionals from the neurocritical
care society and society of critical care medicine. Neurocrit Care
24(1):6-46. https://doi.org/10.1007/s12028-015-0222-x

Conley J, O’Brien CW, Leff BA, Bolen S, Zulman D (2016) Alter-
native strategies to inpatient hospitalization for acute medical con-
ditions: a systematic review. JAMA Intern Med 176(11):1693—
1702. https://doi.org/10.1001/jamainternmed.2016.5974

Centers for Disease Control and Prevention (2015) Report to con-
gress on traumatic brain injury in the united states: epidemiol-
ogy and rehabilitation. National Center for Injury Prevention and
Control, Atlanta

Brasure M, Lamberty GJ, Sayer NA, Nelson NW, MacDonald
R, Ouellette J, Tacklind J, Grove M, Rutks IR, Butler ME, Kane
RL, Wilt TJ (2012) Multidisciplinary postacute rehabilitation for
moderate to severe traumatic brain injury in adults. AHRQ Com-
parative Effectiveness Reviews, Rockville

Firsching R, et al. (2015) LEITLINIE SCHADEL-HIRN-
TRAUMA IM ERWACHSENENALTER AWMEF. https://www.
awmf.org/uploads/tx_szleitlinien/008-0011_S2e_Schaedelhirntra
uma_SHT_Erwachsene_2016-06.pdf. Access 07 2019.

Smits M, Dippel DW, de Haan GG, Dekker HM, Vos PE, Kool
DR, Nederkoorn PJ, Hofman PA, Twijnstra A, Tanghe HL,
Hunink MG (2005) External validation of the Canadian CT Head
Rule and the New Orleans Criteria for CT scanning in patients
with minor head injury. JAMA 294(12):1519-1525. https://doi.
org/10.1001/jama.294.12.1519

Hart A, Khalil JA, Carli A, Huk O, Zukor D, Antoniou J (2014)
Blood transfusion in primary total hip and knee arthroplasty.
Incidence, risk factors, and thirty-day complication rates. J
Bone Jt Surg Am 96(23):1945-1951. https://doi.org/10.2106/
JBJS.N.00077

Shibahashi K, Sugiyama K, Okura Y, Hoda H, Hamabe Y (2017)
Multicenter retrospective cohort study of “Talk and Die” after


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S1474-4422(17)30197-7
https://doi.org/10.1016/S1474-4422(17)30197-7
https://doi.org/10.1097/TA.0000000000001995
https://doi.org/10.1097/TA.0000000000001995
https://doi.org/10.3171/2017.7.JNS17988
https://doi.org/10.3171/2017.7.JNS17988
https://doi.org/10.3171/jns.2004.100.5.0825
https://doi.org/10.3171/jns.2004.100.5.0825
https://doi.org/10.1056/NEJM200007133430204
https://doi.org/10.1056/NEJM200007133430204
https://doi.org/10.1186/s13049-018-0487-0
https://doi.org/10.1186/s13049-018-0487-0
https://doi.org/10.2147/TCRM.S147079
https://doi.org/10.1067/mem.2001.116795
https://doi.org/10.1067/mem.2001.116795
https://doi.org/10.1016/j.clineuro.2007.01.013
https://doi.org/10.1016/s0140-6736(00)04561-x
https://doi.org/10.1016/s0196-0644(05)80981-3
https://doi.org/10.1186/s13054-019-2352-6
https://doi.org/10.1186/s13054-019-2352-6
https://doi.org/10.1007/s12028-015-0222-x
https://doi.org/10.1001/jamainternmed.2016.5974
https://www.awmf.org/uploads/tx_szleitlinien/008-001l_S2e_Schaedelhirntrauma_SHT_Erwachsene_2016-06.pdf
https://www.awmf.org/uploads/tx_szleitlinien/008-001l_S2e_Schaedelhirntrauma_SHT_Erwachsene_2016-06.pdf
https://www.awmf.org/uploads/tx_szleitlinien/008-001l_S2e_Schaedelhirntrauma_SHT_Erwachsene_2016-06.pdf
https://doi.org/10.1001/jama.294.12.1519
https://doi.org/10.1001/jama.294.12.1519
https://doi.org/10.2106/JBJS.N.00077
https://doi.org/10.2106/JBJS.N.00077

Archives of Orthopaedic and Trauma Surgery (2021) 141:619-627

627

22.

23.

24.

25.

26.

traumatic brain injury. World Neurosurg 107:82-86. https://doi.
org/10.1016/j.wneu.2017.07.117

Brooks JC, Strauss DJ, Shavelle RM, Paculdo DR, Hammond
FM, Harrison-Felix CL (2013) Long-term disability and survival
in traumatic brain injury: results from the National Institute on
Disability and Rehabilitation Research Model Systems. Arch
Phys Med Rehabil 94(11):2203-2209. https://doi.org/10.1016/j.
apmr.2013.07.005

Beynon C, Potzy A, Sakowitz OW, Unterberg AW (2015) Rivar-
oxaban and intracranial haemorrhage after mild traumatic brain
injury: a dangerous combination? Clin Neurol Neurosurg 136:73—
78. https://doi.org/10.1016/j.clineuro.2015.05.035

Foks KA, van den Brand CL, Lingsma HF, van der Naalt J, Jacobs
B, de Jong E, den Boogert HF, Sir O, Patka P, Polinder S, Gaakeer
MI, Schutte CE, Jie KE, Visee HF, Hunink MGM, Reijners E,
Braaksma M, Schoonman GG, Steyerberg EW, Jellema K, Dippel
DW1J (2018) External validation of computed tomography deci-
sion rules for minor head injury: prospective, multicentre cohort
study in the Netherlands. BMJ 362:k3527. https://doi.org/10.1136/
bmj.k3527

Asha’ari ZA, Ahmad R, Rahman J, Yusof RA, Kamarudin N
(2012) Patterns of intracranial hemorrhage in petrous temporal
bone fracture. Auris Nasus Larynx 39(2):151-155. https://doi.
org/10.1016/j.an1.2011.02.010

Vogel T, Ockert B, Krotz M, Linsenmaier U, Kirchhoff C, Pfeifer
KJ, Mutschler W, Mussack T (2008) Progredient intracranial

27.

28.

29.

30.

31.

bleeding after traumatic brain injury. When is a control CCT nec-
essary? Unfallchirurg 111(11):898-904. https://doi.org/10.1007/
s00113-008-1502-0

Bajsarowicz P, Prakash I, Lamoureux J, Saluja RS, Feyz M,
Maleki M, Marcoux J (2015) Nonsurgical acute traumatic sub-
dural hematoma: what is the risk? J Neurosurg 123(5):1176-1183.
https://doi.org/10.3171/2014.10.JNS141728

Deng H, Yue JK, Durcanova B, Sadjadi J (2018) Emergent neuro-
surgical management of a rapidly deteriorating patient with acute
intracranial hemorrhage and alcohol-related thrombocytopenia. J
Neurosci Rural Pract 9(4):625-627. https://doi.org/10.4103/jnrp.
jnrp_50_18

Weil ZM, Corrigan JD, Karelina K (2018) Alcohol use disorder
and traumatic brain injury. Alcohol Res 39(2):171-180

Singh R, Mason S, Lecky F, Dawson J (2019) Comparison of early
and late depression after TBI; (the SHEFBIT study). Brain Inj
33(5):584-591. https://doi.org/10.1080/02699052.2019.1566837
Bhatti JA, Thiruchelvam D, Redelmeier DA (2019) Traumatic
brain injury as an independent risk factor for problem gambling:
a matched case-control study. Soc Psychiatry Psychiatr Epidemiol
54(4):517-523. https://doi.org/10.1007/s00127-018-1583-1

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/j.wneu.2017.07.117
https://doi.org/10.1016/j.wneu.2017.07.117
https://doi.org/10.1016/j.apmr.2013.07.005
https://doi.org/10.1016/j.apmr.2013.07.005
https://doi.org/10.1016/j.clineuro.2015.05.035
https://doi.org/10.1136/bmj.k3527
https://doi.org/10.1136/bmj.k3527
https://doi.org/10.1016/j.anl.2011.02.010
https://doi.org/10.1016/j.anl.2011.02.010
https://doi.org/10.1007/s00113-008-1502-0
https://doi.org/10.1007/s00113-008-1502-0
https://doi.org/10.3171/2014.10.JNS141728
https://doi.org/10.4103/jnrp.jnrp_50_18
https://doi.org/10.4103/jnrp.jnrp_50_18
https://doi.org/10.1080/02699052.2019.1566837
https://doi.org/10.1007/s00127-018-1583-1

	Risk adapted diagnostics and hospitalization following mild traumatic brain injury
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Ethics statement
	Study population
	Institutional protocol for CT screening of TBI
	Institutional protocol for hospital observation
	Statistical methods

	Results
	Patients younger than 35 years
	Patients aged between 35 and 65 years
	Patients older than 65 years
	Risk group identification for mild TBI
	ICH in initially negative CT cases
	Potential cost reduction by reduced hospitalization

	Discussion
	Limitations must be considered when our data is interpreted:

	Conclusion
	Acknowledgements 
	References




