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Abstract

Background: To determine the prevalence and characteristics of prechiasmatic visual system injuries (VSI) among
seriously injured patients with concomitant head trauma in Europe by means of a multinational trauma registry.

Methods: The TraumaRegister DGU® was searched for patients suffering from serious trauma with a Maximum
Abbreviated Injury Scale (AIS) ≥ 3 between 2002 and 2015 in Europe. After excluding cases without significant head injury
defined by an AIS ≥ 2, groups were built regarding the existence of a concomitant damage to the prechiasmatic optic
system comprising globe and optic nerve. Group comparisons were performed with respect to demographic, etiological,
clinical and outcome characteristics.

Results: 2.2% (1901/84,627) of seriously injured patients with concomitant head trauma presented with additional VSI.
These subjects tended to be younger (mean age 44.7 versus 50.9 years) and were more likely of male gender (74.8%
versus 70.0%) compared to their counterparts without VSI. The most frequent trauma etiologies were car accidents in
VSI patients (28.5%) and falls in the control group (43.2%). VSI cases were prone to additional soft tissue trauma of the
head, skull and orbit fractures as well as pneumocephalus. Primary treatment duration was significantly longer in the VSI
cohort (mean 23.3 versus 20.5 days) along with higher treatment costs and a larger proportion of patients with
moderate or severe impairment at hospital discharge despite there being a similar average injury severity at admission in
both groups.

Conclusions: A substantial proportion of patients with head injury suffers from additional VSI. The correlation between
VSI and prolonged hospitalization, increased direct treatment expenditures, and having a higher probability of
posttraumatic impairment demonstrates the substantial socioeconomic relevance of these types of injuries.
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Background
Eye injuries are a significant global health problem with
a worldwide annual incidence of about 55 million people
impaired during their daily activities and 1.6 million
people with posttraumatic binocular blindness [1]. The
frequency of ocular trauma depends on numerous
factors including geographical, socioeconomic and also
seasonal circumstances [2–5]. In Germany, annual inci-
dence rates of 302 and 30.5 per 100,000 inhabitants have
been determined for mild and severe head trauma previ-
ously [6, 7], but there is a general lack of information on
the frequency of patients suffering from head and face
trauma with additional injury to the prechiasmatic visual
system (VSI) which comprises of the globe and the optic
nerve. To the best of our knowledge, this is the first-
time report aiming to determine the prevalence and
characteristics of VSI among seriously injured patients
with concomitant moderate to severe head trauma in
the Central European setting by means of a large multi-
national trauma registry.

Methods
All data analyzed in this survey were derived from the
TraumaRegister DGU® (TR-DGU) upon receipt of an
authorization by the institutional review board in 2018.
Data presentation follows the established guidelines for
reporting observational studies outlined in the strength-
ening the reporting of observational studies in epidemi-
ology (STROBE) statement [8]. Moreover, the study fully
adheres to the publication guidelines of the TR-DGU
and is registered as TR-DGU project 2018–014. The
TR-DGU of the German Trauma Society (Deutsche Ge-
sellschaft für Unfallchirurgie, DGU) was founded in
1993. The aim of this multicenter database is a pseudo-
nymized and standardized documentation of severely in-
jured patients. The TR-DGU collects data prospectively
in four consecutive time phases from the site of the acci-
dent until discharge from hospital: A) Pre-hospital
phase, B) Emergency room and initial surgery, C) Inten-
sive care unit and D) Discharge. The documentation in-
cludes detailed information on demographics, injury
pattern, comorbidities, pre- and in-hospital manage-
ment, course on intensive care unit, relevant laboratory
findings including data on transfusion and outcome of
each individual. Their inclusion criteria are admission to
hospital via emergency room with subsequent intensive
care unit (ICU) care or reaching the hospital alive, but
with death occurring before ICU admission. The infra-
structure for documentation, data management, and data
analysis is provided by AUC - Academy for Trauma Sur-
gery (AUC - Akademie der Unfallchirurgie GmbH), a
company affiliated to the German Trauma Society. The
scientific leadership is provided by the Committee on
Emergency Medicine, Intensive Care and Trauma

Management (Sektion NIS) of the German Trauma
Society. Participating hospitals submit their data, which
is pseudonymized, into a central database via a web-
based application. Overall completeness of data collec-
tion has proven to be high, as laid down in the regularly
upcoming reports of the registry [9]. Scientific data ana-
lysis is approved through a peer review procedure laid
down in the TR-DGU publication guideline. The partici-
pating hospitals are primarily located in Germany (90%),
but a growing number of hospitals in other countries are
contributing data as well. Currently, approximately 35,
000 cases from almost 700 hospitals are entered into the
database per year. A comprehensive list of all contribut-
ing institutions is available at the TR-DGU website
(www.traumaregister-dgu.de). Participation in TR-DGU
is voluntary. For hospitals associated with TraumaNetz-
werk DGU®, however, the entry of at least a basic data
set is obligatory for reasons of quality assurance. After
identification of a total of 270,516 TR-DGU cases be-
tween 2002 and 2015, all patients were assessed accord-
ing to our study protocol presented in detail in Fig. 1
(flowchart _study population). Of note, all included pa-
tients received serious injuries defined by a maximum
Abbreviated Injury Scale (AIS) score ≥ 3 and also a col-
lateral head or face trauma with an AIS score ≥ 2. The
AIS forms a foundation for several trauma scores includ-
ing the Injury Severity Score (ISS), which was first pub-
lished in 1971 and underwent its last update in 2015
(www.aaam.org; accessed 24 April, 2019) [10–12]. Non-
European cases were excluded according to our aims to
determine VSI epidemiology in the European setting. Pa-
tients who died or were transferred to another institu-
tion within 48 h after hospital admission were also
excluded. This was done for two reasons: 1) Detection of
VSI in individuals who died after a short time may be
difficult and 2) Patients relocated at an early stage of
treatment could otherwise be counted twice erroneously.
The resulting study population (n = 84,627) was subse-
quently separated into two groups depending on the ex-
istence of an additional VSI. VSI comprise injuries to the
globe and/or optic nerve and are represented by the fol-
lowing AIS 2005 codes currently utilized by the TR-
DGU: 240499.1, 241,006.2, 241,200.2, 240,402.2 and 240,
403.3 for eye injuries of different forms as well as 230,
202.2, 230,204.2 and 230,205.3 for traumatic optic neur-
opathy. Detailed information on the aforementioned
codes is provided in supplement 1. VSI were detected by
a combined approach including neurological assessment
in all cases as well as cranial computed tomography in
91.8% of non-VSI and 93.4% of VSI patients. Both
groups (VSI and control group) were compared with re-
gard to demographic and etiological characteristics as
well as injury patterns, extent of the trauma measured
by the ISS, treatment duration, functional outcome in
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terms of the Glasgow Outcome Scale Score (GOS) at the
end of primary hospital treatment, and need for further
inpatient care after primary hospital discharge [13].
Moreover, treatment expenditures were calculated for
both cohorts using the TR-DGU cost estimator imple-
mented by Lefering et al. [14]. The registry-based data
material is outlined in a descriptive mode with primary
focus on practical relevance, because the extensive sam-
ple size will easily render even clinically negligible differ-
ences statistically significant. Frequencies are presented

as percentages with their related 95% confidence inter-
vals (CI) and central tendency measures with their asso-
ciated standard deviations (SD), where appropriate. All
statistical calculations were performed using IBM SPSS
Statistics (version 24, International Business Machines
Corporation, Armonk, NY, USA).

Results
Prevalence of eye and optic nerve injuries in moderate to se-
vere head trauma patients 2.2% (CI 2.1–2.3%) of the total
study population (n = 84,627) comprised of seriously injured
patients with additional moderate to severe head trauma
suffered from accompanying VSI. The vast majority of the
VSI cases showed ocular damage (87.0%; CI 82.9–91.3%)
and only a minority presented with optic nerve trauma
(13.0%, CI 11.4–14.7%). One out of four patients with globe
injury presented with traumatic loss of an eye and more
than 96% of traumatic optic neuropathies were unilateral.
The detailed distribution of VSI is delineated in Fig. 2 (flow-
chart_distribution of visual system injuries).

Table 1 Demographic characteristics

control group VSI group

male (%) 70.0 (CI 69.4–70.6) 74.8 (CI 70.8–79.0)

mean / median age (years) 50.9 / 52.0 (SD 22.8) 44.7 / 45.0 (SD 21.4)

age ≤ 15 years (%) 4.5 (CI 4.3–4.6) 5.7 (CI 4.7–6.9)

age 16–59 years (%) 56.6 (CI 56.1–57.1) 67.3 (CI 63.6–71.1)

age ≥ 60 years (%) 38.9 (CI 38.5–39.4) 27.0 (CI 24.7–29.4)

Gender and age distribution of head trauma patients ± concomitant
prechiasmatic visual system injury (VSI). CI 95% conficence interval, SD
standard deviation

Fig. 1 flowchart_study populationDescription of study inclusion and exclusion criteria. (M)AIS = (Maximum) Abbreviated Injury Scale. TR-DGU =
TraumaRegister DGU® of the German Trauma Society.
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Demographic comparison between head trauma patients
with and without VSI
VSI patients were more frequently male as compared to
the control group (74.8% versus 70.0%). We found that
VSI patients were on average 6.2 years younger in com-
parison to the control group. Table 1 (table_demographic
characteristics) provides specific information on demo-
graphic characteristics of both cohorts and includes a fur-
ther differentiation into three distinct age categories.

Trauma etiology and injury mechanisms
VSI resulted more frequently from car accidents com-
pared to the control group (28.5% versus 18.8%),

whereas falls were more commonly seen in the control
cohort (43.2% versus 26.6%). Violent attacks including
stabbings and shootings were rarely encountered in both
groups, but generally affected VSI patients more fre-
quently. Penetrating trauma mechanisms accounted for
a slightly larger proportion of VSI compared to head in-
juries without involvement of the prechiasmatic optic
system. Table 2 (table_etiology and mechanism of
trauma) reveals in-depth data on trauma etiology and in-
jury mechanisms for both groups.

Description of accompanying lesions
VSI patients suffered more frequently from associated
thoracoabdominal and limb injuries compared to their
non-VSI counterparts, whereas similar frequencies could
be recorded for concomitant spine and pelvic trauma.
When comparing both groups with regard to intracra-
nial lesions, VSI cases showed larger proportions of pri-
mary pneumocephalus (4.1% versus 1.1%) and epidural
hematoma (12.7% versus 10.2%), but the frequencies of
brain contusion, global brain edema, pituitary and brain
stem injuries were distributed almost equally across both
groups with pituitary and brain stem lesions being quite
rare events. More superficially located damage to the
head like soft tissue lacerations and skull fractures - es-
pecially orbit and Le Fort fractures - occurred much
more commonly in VSI patients compared to the control
group. Of note, subdural hematoma and intracerebral
hemorrhage were more frequently seen in the control
group. Intracranial arteries and veins were injured only
sporadically in VSI and non-VSI cases. Table 3 (table_
concomitant lesions) delineates comprehensive data on
accompanying involvement of other body regions as well

Table 2 Etiology and mechanism of trauma

control group VSI group

traffic accident_car (%) 18.8 (CI 18.5–19.1) 28.5 (CI 26.2–31.1)

traffic accident_motorbike (%) 9.1 (CI 8.9–9.3) 9.1 (CI 7.8–10.5)

traffic accident_bicycle (%) 11.7 (CI 11.5–12.0) 11.3 (CI 9.8–12.9)

traffic accident_pedestrian (%) 7.7 (CI 7.5–7.9) 6.8 (CI 5.6–8.0)

high fall > 3m (%) 15.3 (CI 15.1–15.6) 12.7 (CI 11.2–14.4)

low fall < 3m (%) 27.9 (CI 27.5–28.3) 13.9 (CI 12.3–15.7)

punch (%) 3.0 (CI 2.8–3.1) 6.5 (CI 5.4–7.8)

shot (%) 0.3 (CI 0.3–0.4) 1.2 (CI 0.7–1.8)

stab (%) 0.3 (CI 0.2–0.3) 0.8 (CI 0.4–1.3)

other reason (%) 5.9 (CI 5.8–6.1) 9.2 (CI 8.0–10.8)

blunt trauma (%) 97.8 (CI 97.1–98.5) 92.9 (CI 88.6–97.4)

penetrating trauma (%) 2.2 (CI 2.1–2.3) 7.1 (CI 5.9–8.4)

Comparison between head trauma cases ± additional prechiasmatic visual
system injury (VSI) regarding trauma etiology and underlying mechanism. CI
95% confidence interval

Fig. 2 flowchart__distribution of visual system injuries. Composition of the study population with respect to different types of prechiasmatic
optic system lesions. VSI = visual system injury
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as damage to different extra- and intracranial structures
for both groups.

Injury severity and treatment characteristics
The median ISS was the same in both groups (22.0) in-
dicating a comparable average burden of trauma for VSI
and non-VSI cases, but the median number of intub-
ation and ICU days as well as total length of hospital
stay varied significantly between both cohorts with a
general need for longer median total inpatient treatment
time in VSI patients (18.0 versus 15.0 days). In congru-
ence with that finding, estimated median primary care
treatment costs of VSI cases were considerably higher
compared to head trauma patients without globe or
optic nerve injury (16,540.50 versus 13,266.00 Euro).
Table 4 (table_severity of injury and treatment duration)
gives specific information on injury severity measures,
primary care treatment periods and calculated direct

medical expenses. 23.4% of globe injuries and 20.5% of
optic nerve injuries were treated surgically, but detailed
description of the utilized ophthalmosurgical and neuro-
surgical procedures is well beyond the scope of the TR-
DGU and therefore not provided.

Outcome following primary treatment
The proportion of patients with mild to severe disability
(GOS 3–4) was larger in the VSI compared to the con-
trol group (45.1% versus 39.3%), whereas an almost
equal percentage of cases with good recovery (GOS 5)
could be detected in both cohorts. VSI patients did not
differ from non-VSI cases with respect to the need for
further inpatient care (e.g. rehabilitation facility) follow-
ing discharge from the hospital they were admitted to
for primary treatment. Table 5 (table_outcome) displays
detailed information on GOS scores and hospital dis-
charge status for both groups.

Discussion
We primarily aimed to determine the prevalence and
characteristics of VSI in seriously injured patients with
concomitant moderate to severe head trauma in Central
Europe. According to the TR-DGU data presented in
this study, 2.2% of seriously traumatized patients with
significant head injury suffer from concomitant VSI with
damage to the eye being much more frequent than optic
nerve trauma. Recent data published by Maegele et al.
reveal an annual incidence of 10.1 moderate to severe
head trauma cases per 100,000 inhabitants of Germany,
which would result in an estimated incidence of about
0.2 VSI per 100,000 people [15]. The incidence of ocular
trauma is known to be dependent on various factors like
age, gender as well as socioeconomic and geographical
background with a markedly higher risk of eye injuries
in developing countries compared to modern industrial
societies [3, 16]. Legislative measures, education pro-
grams, and the utilization of protection tools have been
able to reduce ophthalmic injury rates in children [17–
19]. Our finding of globe injury being more frequent
than traumatic optic neuropathy is in line with previ-
ously published population-based studies [20, 21]. Gen-
erally speaking, VSI patients tended to be younger and
were more frequently male compared to those without
eye or optic nerve damage. Previous studies from other
world regions have revealed comparable results with re-
spect to age susceptibility and gender distribution for
pediatric and adult eye trauma [5, 22–24]. The vulner-
ability of adult males with regard to ophthalmic lesions
may be related to the higher percentage of male em-
ployees in the industrial and agriculture sectors, which
are known to be particularly prone to ocular injuries
[25]. Trauma etiology was markedly different between
patients with versus patients without accompanying VSI.

Table 3 Concomitant lesions

control group VSI group

thorax (AIS > 1) (%) 43.9 (CI 43.4–44.3) 46.8 (CI 43.7–50.0)

abdomen (AIS > 1) (%) 11.9 (CI 11.6–12.1) 15.0 (CI 13.3–16.9)

spine (AIS > 1) (%) 25.1 (CI 24.7–25.4) 24.1 (CI 21.9–26.5)

pelvis (AIS > 1) (%) 13.1 (CI 12.9–13.4) 13.5 (CI 11.9–15.2)

upper extremity (AIS > 1) (%) 28.8 (CI 28.5–29.2) 33.9 (CI 31.4–36.7)

lower extremity (AIS > 1) (%) 19.7 (CI 19.3–20.0) 23.4 (CI 21.3–25.7)

pneumocephalus (%) 1.1 (CI 1.1–1.2) 4.1 (CI 3.2–5.1)

brain contusion (%) 25.2 (CI 24.8–25.5) 26.1 (CI 23.9–28.5)

global brain edema (%) 8.9 (CI 8.7–9.1) 9.4 (CI 8.0–10.8)

pituitary (%) 0.1 (CI 0.1–0.2) 0.3 (CI 0.1–0.6)

brain stem (%) 2.1 (CI 2.0–2.2) 2.3 (CI 1.7–3.0)

soft tissue of the head (%) 22.7 (CI 22.4–23.0) 34.8 (CI 32.1–37.5)

skull fractures (%) 41.5 (CI 41.0–41.9) 49.2 (CI 46.2–52.5)

orbit fractures (%) 10.2 (CI 9.9–10.4) 31.6 (CI 29.5–33.7)

Le Fort fractures (%)a 7.0 (CI 6.8–7.2) 22.4 (CI 20.5–24.2)

epidural hematoma (%) 10.2 (CI 9.9–10.4) 12.7 (CI 11.1–14.4)

subdural hematoma (%) 33.6 (CI 33.2–34.0) 23.7 (CI 21.5–26.0)

subarachnoid hemorrhage (%) 27.3 (CI 27.0–27.7) 26.4 (CI 24.1–28.8)

intracerebral hemorrhage %) 15.5 (CI 15.3–15.8) 13.4 (CI 11.7–15.1)

external carotid artery (%) 0.0 (CI 0.0–0.0) 0.1 (CI 0.0–0.3)

internal carotid artery (%) 0.3 (CI 0.3–0.3) 0.7 (CI 0.4–1.2)

anterior cerebral artery (%) 0.1 (CI 0.0–0.1) 0.2 (CI 0.0–0.5)

middle cerebral artery (%) 0.2 (CI 0.2–0.3) 0.2 (CI 0.1–0.5)

posterior cerebral artery (%) 0.1 (CI 0.1–0.1) 0.2 (CI 0.0–0.5)

vertebral artery (%) 0.2 (CI 0.2–0.2) 0.4 (CI 0.1–0.8)

cerebral veins (%) 0.4 (CI 0.4–0.5) 0.8 (CI 0.5–1.4)

Detailed exposition of associated lesions in head trauma patients ±
prechiasmatic visual system injury (VSI). a Without Le Fort fracture type 1. CI
95% confidence interval
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In general, VSI resulted more commonly from car colli-
sions and non-VSI trauma arose more frequently from
falls. Injuries due to violent attacks were exceptionally
rare, but were more frequently seen in the VSI cohort.
The literature reveals heterogeneous information on eye
trauma causes. Past surveys reported on a majority of
occupation-related eye injuries [21, 23], whereas Qi et al.
identified firecrackers and traffic accidents as primary
causes of ocular trauma leading to hospitalization in a
large Chinese cohort study comprising 5799 patients
[26]. Falls were determined to be the leading cause of
corneal and scleral ruptures in geriatric patients corre-
sponding to another study from Hong Kong [27]. The
discrepancies concerning our results may be explained
by the present TR-DGU inclusion criterion of hospital
admission via emergency room with subsequent ICU
care which deviates from the typical patient population
at tertiary eye referral centers without concomitant life-
threatening injuries. Our registry-based data reveal more
frequent soft tissue lesions and skull fractures including
orbit and Le Fort fractures in VSI cases compared to
head trauma patients without prechiasmatic visual im-
pairment. A correlation between ocular injuries and
orbit fractures has been detected by several authors

previously, especially in the case of posterior and/or lat-
eral extension of the fracture [28, 29]. Of note, final vis-
ual prognosis is reported to be worse in severe eye
trauma with associated orbit fracture [30]. Moreover,
frontal bone fractures are known to be closely related to
posttraumatic pneumocephalus, which was also seen
more commonly in VSI patients in our study [31]. Des-
pite similar global burden of injuries in both cohorts,
VSI exhibited longer average ICU and total hospital stay
as well as higher primary care treatment expenses. The
median treatment duration of 18 days in VSI patients is
slightly longer than the average hospitalization time of
pediatric eye trauma patients reported by Karim-Zade
et al., which might be explained by the associated ser-
iousness of the injuries in the TR-DGU derived cases
[32]. More than one out of five VSI patients underwent
surgery targeting the globe or optic nerve damage, but
detailed information on specific procedures is unfortu-
nately not obtainable from the registry database. There
is a growing body of evidence concerning the benefits of
early surgical interventions such as globe repositioning
and repair, removal of intraocular foreign bodies as well
as supporting intravitreal antibiotics and preventive vi-
trectomy following open globe trauma [3, 33–38].

Table 4 Severity of injury and treatment duration

control group VSI group

mean / median ISS 23.5 / 22.0 (SD 11.0) 25.1 / 22.0 (SD 10.9)

preclinical GCS ≤ 8 (%) 31.2 (CI 30.8–31.6) 30.3 (CI 27.7–33.3)

preclinical shock (RR sys ≤ 90mmHg) (%) 10.4 (CI 10.2–10.7) 14.1 (CI 12.2–16.2)

mean / median intubation time (days) 5.8 / 1.0 (SD 9.9) 7.0 / 2.0 (SD 11.0)

mean / median ICU treatment duration (days) 10.0 / 5.0 (SD 12.4) 11.7 / 6.0 (SD 13.8)

mean / median hospital stay (days) 20.5 / 15.0 (SD 19.7) 23.3 / 18.0 (SD 19.9)

mean / median calculated treatment costs (Euro) 21,083.1 / 13,266.0 (SD 21,611.2) 24,511.5 / 16,540.5 (SD 23,825.6)

Severity of injury, duration of primary treatment and estimated medical expenses of head trauma cases ± accompanying injury of the prechiasmatic visual system
(VSI). CI 95% confidence interval, GCS Glasgow Coma Scale, ICU intensive care unit, ISS Injury Severity Score, SD standard deviation

Table 5 Outcome

control group VSI group

GOS_1a_death > 48 h (%) 10.1 (CI 9.9–10.4) 4.7 (CI 3.8–5.9)

GOS_2_persistent vegetative state (%) 3.3 (CI 3.1–3.4) 3.0 (CI 2.3–3.9)

GOS_3_severe disability (%) 13.1 (CI 12.8–13.3) 16.1 (CI 14.3–18.1)

GOS_4_moderate disability (%) 26.2 (CI 25.8–26.5) 29.0 (CI 26.7–31.6)

GOS_5_good recovery (%) 47.4 (CI 46.9–47.8) 47.1 (CI 43.9–50.3)

discharge_home (%) 42.2 (CI 41.8–42.6) 43.8 (CI 40.8–46.9)

discharge_rehabilitation (%) 30.8 (CI 30.4–31.2) 32.9 (CI 30.4–35.5)

discharge_hospital (%) 13.7 (CI 13.4–13.9) 15.2 (CI 13.5–17.1)

discharge_death or other (%) 13.3 (CI 13.1–13.6) 8.1 (CI 6.9–9.5)

Description of functional outcome for head trauma patients ± prechiasmatic visual system injury (VSI) by means of Glasgow Outcome Scale Score (GOS) and need
for further medical attention following primary care discharge. a Individuals dying later than 48 h following hospital admission. Patients perishing within 48 h after
admission were excluded from the analysis according to the study exclusion criteria
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Patients with VSI showed increased disability rates at
hospital discharge compared to those without visual dys-
function. Taking into account the young average age of
the VSI patients and the great importance of good vision
for most professional activities, one can easily imagine
the profound socioeconomic significance of these lesions
beyond individual misfortune. On a global scale, Negrel
et al. reported on approximately 1.6 million people with
injury-related blindness and an additional 2.3 million
cases of trauma-related bilateral low vision [1]. One limi-
tation of this study is the lack of information on the type
of ocular injury. The TR-DGU is a registry aiming to
standardize documentation of severely injured patients
and is not explicitly dedicated to eye injuries. Therefore,
well-established prognostic scores and specific termin-
ology like the Ocular Trauma Score and the Birmingham
Eye Trauma Terminology are not obtainable from the
underlying database [39, 40]. Moreover, TR-DGU data
collection terminates at hospital discharge, which im-
pedes presentation of long-term functional outcome. All
admitted patients are initially examined by specialized
trauma surgeons and not primarily by ophthalmologists,
which could potentially lead to systematic underreport-
ing of minor ocular injuries. Furthermore, the propor-
tion of patients undergoing dedicated contrast-enhanced
vascular imaging is not reported, which may constitute a
source of error regarding the detection of accompanying
cerebrovascular injuries. Additionally, patients directly
transferred to specialized neurosurgical and/or ophthal-
mological care without trauma team activation upon ad-
mission do not meet the inclusion criteria of the registry
and therefore constitute a case selection bias. In the
early phase of data collection a potential bias resulting
from a disproportionate high rate of contributing max-
imum care hospitals cannot be excluded, but one should
keep in mind that patients with head injuries tend to be
more likely referred to large trauma centers with neuro-
surgical service. The possible bias is therefore limited by
the inclusion criteria. The major strengths of this survey
include its multinational origin, having a large number
(more than 84.6 thousand) of head trauma cases, and
having a comprehensive evaluation of basic demograph-
ics, trauma etiology, associated injuries, treatment course
and costs as well as neurologic outcome with respect to
present or absent additional VSI. There is a high data
representativity and generalizability for Germany due to
a nationwide coverage of contributing hospitals of differ-
ent levels of care. Completeness and quality of data have
been shown to meet high standards, as laid down in the
official annual reports of the registry [9]. In addition,
more than 90% of individuals of both groups underwent
emergency cranial computed tomography, which is the
preferred imaging tool for the detection of bony skull
and facial lesions as well as acute hemorrhages. The

complementary approach of clinical and radiological
examination provides a substantial increase in the detec-
tion rate of damages to the prechiasmatic visual system.

Conclusion
A substantial number of seriously injured patients with
head trauma suffers from additional VSI. Through the
provided data concerning characteristic trauma mecha-
nisms and injury patterns, clinicians may be able to bet-
ter identify and focus on patients at higher risk for
ocular and optic nerve lesions, which may eventually im-
prove visual outcomes in these cases. The correlation
between VSI and higher probability of posttraumatic
functional impairment demonstrates the urgent need for
more effective preventive measures as well as improve-
ment of the current therapeutic methods used to treat
these injuries in order to reduce their detrimental im-
pact at both the individual and also societal level.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s13049-020-0712-5.

Additional file 1.

Abbreviations
AIS: Abbreviated Injury Scale; CI: 95% confidence interval; GCS: Glasgow
Coma Scale; GOS: Glasgow Outcome Scale; ICU: Intensive care unit; ISS: Injury
Severity Score; SD: Standard deviation; TR-DGU: TraumaRegister DGU® of the
German Trauma Society; VSI: Prechiasmatic visual system injury comprising
globe and optic nerve

Acknowledgements
We are very grateful for the methodological support provided by the review
board of the TraumaRegister DGU® of the German Trauma Society.

Authors’ contributions
TH conceived the study. TH and RL collected data. TH and RL analyzed data.
All authors contributed to the manuscript and approved the final text prior
to submission.

Funding
The authors received no specific funding for this work.

Availability of data and materials
All epidemiological data presented in this study were retrieved from the
TraumaRegister DGU® of the German Trauma Society. The datasets are
available from the registry on reasonable request.

Ethics approval and consent to participate
The present study is in agreement with the publication guidelines of the
TraumaRegister DGU® of the German Trauma Society and received the
registration ID 2018–014 upon approval by the institutional review board.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Neurosurgery, University Medical Center
Hamburg-Eppendorf, Hamburg, Germany. 2Department of Trauma, Hand and
Reconstructive Surgery, University Medical Center Hamburg-Eppendorf,

Huckhagel et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine           (2020) 28:15 Page 7 of 8

https://doi.org/10.1186/s13049-020-0712-5
https://doi.org/10.1186/s13049-020-0712-5


Hamburg, Germany. 3Institute for Research in Operative Medicine (IFOM),
University of Witten/Herdecke, Cologne, Germany.

Received: 3 October 2019 Accepted: 21 February 2020

References
1. Négrel AD, Thylefors B. The global impact of eye injuries. Ophthalmic

Epidemiol. 1998;5:143–69.
2. Zhou J, Wang FH, Lu H, Liang YB, Wang NL. Handan eye study group.

Ocular Trauma in a Rural Population of North China: The Handan Eye Study.
Biomed Environ Sci. 2015;28:495–501.

3. Chen Z, Li S-M. Trauma of the globe: state of art in global and in China.
Chin J Traumatol. 2016;19:317–8.

4. Sen E, Celik S, Inanc M, Elgin U, Ozyurt B, Yılmazbas P. Seasonal distribution
of ocular conditions treated at the emergency room: a 1-year prospective
study. Arq Bras Oftalmol [Internet]. 2018;81 Available from: http://www.
gnresearch.org/doi/10.5935/0004-2749.20180026. [cited 2019 Apr 5].

5. Wong MY, Man RE, Gupta P, Sabanayagam C, Wong TY, Cheng C-Y, et al.
Prevalence, subtypes, severity and determinants of ocular trauma: the
Singapore Chinese eye study. Br J Ophthalmol. 2018;102:204–9.

6. Steudel WI, Cortbus F, Schwerdtfeger K. Epidemiology and prevention of
fatal head injuries in Germany--trends and the impact of the reunification.
Acta Neurochir. 2005;147:231–42 discussion 242.

7. Rickels E, von Wild K, Wenzlaff P. Head injury in Germany: a population-
based prospective study on epidemiology, causes, treatment and outcome
of all degrees of head-injury severity in two distinct areas. Brain Inj. 2010;24:
1491–504.

8. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke
JP. Strengthening the reporting of observational studies in epidemiology
(STROBE) statement: guidelines for reporting observational studies. BMJ.
2007;335:806–8.

9. Jahresbericht_2019.pdf [Internet]. [cited 2020 Jan 24]. Available from: http://
www.traumaregister-dgu.de/fileadmin/user_upload/traumaregister-dgu.de/
docs/Downloads/Jahresbericht_2019.pdf.

10. Rating the severity of tissue damage. I. The abbreviated scale. JAMA. 1971;
215:277–80.

11. Baker SP, O’Neill B, Haddon W, Long WB. The injury severity score: a method
for describing patients with multiple injuries and evaluating emergency
care. J Trauma. 1974;14:187–96.

12. Gennarelli TA, Wodzin E. Association for the Advancement of Automotive
Medicine. In: Abbreviated injury scale 2005: Update 2008; 2008.

13. Jennett B, Bond M. Assessment of outcome after severe brain damage.
Lancet. 1975;1:480–4.

14. Lefering R, Mahlke L, Franz D. The cost estimator in the TraumaRegister
DGU. Unfallchirurg. 2017;120:1065–70.

15. Maegele M, Lefering R, Sakowitz O, Kopp MA, Schwab JM, Steudel W-I, et al.
The incidence and management of moderate to severe head injury.
Deutsches Aerzteblatt Online [Internet]. 2019; Available from: https://www.
aerzteblatt.de/10.3238/arztebl.2019.0167. [cited 2019 Apr 5].

16. Durand ML. Bacterial and fungal Endophthalmitis. Clin Microbiol Rev. 2017;
30:597–613.

17. Hoskin AK, Philip SS, Yardley A-ME, Mackey DA. Eye Injury Prevention for the
Pediatric Population. Asia Pac J Ophthalmol. 2016;5:202–11.

18. Luo H, Shrestha S, Zhang X, Saaddine J, Zeng X, Reeder T. Trends in eye
injuries and associated medical costs among children in the United States,
2002–2014. Ophthalmic Epidemiol. 2018;25:280–7.

19. Miller KN, Collins CL, Chounthirath T, Smith GA. Pediatric sports- and
recreation-related eye injuries treated in US emergency departments.
Pediatrics. 2018;141:e20173083.

20. Lee V, Ford RL, Xing W, Bunce C, Foot B. Surveillance of traumatic optic
neuropathy in the UK. Eye (Lond). 2010;24:240–50.

21. Sahraravand A, Haavisto A-K, Holopainen JM, Leivo T. Ocular traumas in
working age adults in Finland - Helsinki ocular trauma study. Acta
Ophthalmol. 2017;95:288–94.

22. Beshay N, Keay L, Dunn H, Kamalden TA, Hoskin AK, Watson SL. The
epidemiology of open globe injuries presenting to a tertiary referral eye
hospital in Australia. Injury. 2017;48:1348–54.

23. Wang W, Zhou Y, Zeng J, Shi M, Chen B. Epidemiology and clinical
characteristics of patients hospitalized for ocular trauma in south-Central
China. Acta Ophthalmol. 2017;95:e503–10.

24. Puodžiuvienė E, Jokūbauskienė G, Vieversytė M, Asselineau K. A five-year
retrospective study of the epidemiological characteristics and visual
outcomes of pediatric ocular trauma. BMC Ophthalmol. 2018;18:10.

25. Gobba F, Dall’Olio E, Modenese A, De Maria M, Campi L, Cavallini G. Work-
related eye injuries: a relevant health problem. Main Epidemiological Data
from a Highly-Industrialized Area of Northern Italy. Int J Environ Res Public
Health. 2017;14:604.

26. Qi Y, Zhang F-Y, Peng G-H, Zhu Y, Wan G-M, Wang W-Z, et al.
Characteristics and visual outcomes of patients hospitalized for ocular
trauma in Central China: 2006-2011. Int J Ophthalmol. 2015;8:162–8.

27. Ying Fong YY, Yu M, Young AL, Jhanji V. Presentation and Management
Outcomes of Corneal and Scleral Perforations in Geriatric Nursing Home
Residents: Medicine 2015;94:e1518–0.

28. Andrews BT, Jackson AS, Nazir N, Hromas A, Sokol JA, Thurston TE. Orbit
fractures: identifying patient factors indicating high risk for ocular and
periocular injury: ocular injury and orbit fractures. Laryngoscope. 2016;126:
S5–11.

29. Thurston TE, Jackson AS, Nazir N, Crowe D, Andrews BT. Risk Assessment of
Isolated Single-Wall Orbit Fractures and Eye Injury. J Craniofac Surg. 2018;29:
943–5.

30. Chen X, Yao Y, Wang F, Liu T, Zhao X. A retrospective study of eyeball
rupture in patients with or without orbital fracture. Medicine. 2017;96:e7109.

31. Liao K-H, Wang J-Y, Lin H-W, Lui T-N, Chen K-Y, Yen DHT, et al. Risk of death
in patients with post-traumatic cerebrospinal fluid leakage—analysis of 1773
cases. J Chin Med Assoc. 2016;79:58–64.

32. Karim-Zade K, Leak C, Karim-Zade B. Pediatric eye trauma in the Republic of
Tajikistan: more than meets the eye. Ophthalmic Epidemiol. 2016;23:331–8.

33. Cillino G, Ferraro L, Casuccio A. Cillino Salvatore null. Favorable outcome in
open globe injuries with low OTS score. Eye Sci. 2014;29:170–3.

34. El Chehab H, Renard J-P, Dot C. Les endophtalmies post-traumatiques. J Fr
Ophtalmol. 2016;39:98–106.

35. Mayer CS, Loos DA. Posttraumatische Endophthalmitis: Komplikation nach
dem Kampf ums Auge. Ophthalmologe. 2016;113:478–83.

36. Wang C-G, Ma Z-Z. Development of medical treatment for eye injuries in
the mainland of China over the past decade. Chin J Traumatol. 2016;19:
311–6.

37. Alam M, Noronha O, Mukherjee B. Timing of surgery in traumatic globe
dislocation. Indian J Ophthalmol. 2017;65:767.

38. Thevi T, Abas A. Role of intravitreal/intracameral antibiotics to prevent
traumatic endophthalmitis – meta-analysis. Indian J Ophthalmol. 2017;65:
920.

39. Kuhn F, Maisiak R, Mann L, Mester V, Morris R, Witherspoon CD. The ocular
trauma score (OTS). Ophthalmol Clin N Am. 2002;15:163–5 vi.

40. Kuhn F, Morris R, Witherspoon CD, Mester V. The Birmingham eye trauma
terminology system (BETT). J Fr Ophtalmol. 2004;27:206–10.

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

Huckhagel et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine           (2020) 28:15 Page 8 of 8

http://www.gnresearch.org/doi/10.5935/0004-2749.20180026
http://www.gnresearch.org/doi/10.5935/0004-2749.20180026
http://www.traumaregister-dgu.de/fileadmin/user_upload/traumaregister-dgu.de/docs/Downloads/Jahresbericht_2019.pdf
http://www.traumaregister-dgu.de/fileadmin/user_upload/traumaregister-dgu.de/docs/Downloads/Jahresbericht_2019.pdf
http://www.traumaregister-dgu.de/fileadmin/user_upload/traumaregister-dgu.de/docs/Downloads/Jahresbericht_2019.pdf
https://www.aerzteblatt.de/10.3238/arztebl.2019.0167
https://www.aerzteblatt.de/10.3238/arztebl.2019.0167

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Demographic comparison between head trauma patients with and without VSI
	Trauma etiology and injury mechanisms
	Description of accompanying lesions
	Injury severity and treatment characteristics
	Outcome following primary treatment

	Discussion
	Conclusion
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

