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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 

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. 

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 = 89) 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 (p < 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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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).Ta
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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 

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 

Fig. 1   Graphical representation 
of selective risk groups amongst 
mild TBI cases, concerning 
ICH, progression and mortality 
risk; Graphs show that increas-
ing age group tendentially 
leads to worsening of these 
parameters, further impaired by 
selected risk factors
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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.
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