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Background: Traumatic brain injury (TBI) is one of the most common trauma-related diagnoses among the elderly population treated
in emergency departments (ED). Identification of patients with increased or decreased risk of intracranial bleeding is of clinical
importance. The objective of this study was to evaluate the implication of cutaneous impact location (CIL) on the prevalence of
intracranial injury after suspected or confirmed TBI irrespective of its severity.

Methods: This was a retrospective, single-center, descriptive observational study of geriatric patients aged 65 years and older treated
for suspected or confirmed TBI in a trauma surgery ED. The primary outcome of the study was the assessment of a CIL of the injury
and its association with the prevalence of intracranial lesions found on a head computed tomography scan.

Results: Among 381 patients included in the analysis, the CIL of interest (temporo-parietal and occipital impacts) was present among
178 (46.7%) cases. Thirty-six (9.5%) patients were diagnosed with intracranial bleeding. The prevalence of intracranial bleeding was
higher in the CIL of interest group compared with other locations outside (12.9% vs 6.4%; p = 0.030). CIL of interest was a predictor
of intracranial bleeding (p = 0.033; OR: 2.17; 95% CI: 1.06 to 4.42).

Conclusion: The CIL of head injury is a predictor of intracranial lesions among geriatric patients with traumatic brain injury.
Physicians should be aware of this association when assessing elderly patients with head injuries. More studies are needed to develop
a clinical management tool incorporating CIL to guide the diagnosis of TBI in this population.
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Background

Traumatic brain injury (TBI) in the elderly population is one of the most common trauma-related diagnoses in the
emergency department. With increasing numbers of patients seeking care and requiring hospitalization, effective and
efficient diagnosis and management of traumatic brain injury becomes increasingly important.! Geriatric patients with
TBI require a specific approach due to unique physiological and clinical factors, including chronic medical conditions,
polypharmacy, and frailty.>* Geriatric patients with traumatic brain injuries are at greater risk of death from injury.” If
they survive, compared to the rest of the population, their hospitalizations are longer, they recover more slowly, and they
show worse functional outcomes than younger patients with similar injuries.’

Diagnostic algorithms for geriatric head injury include detailed personal history, thorough physical examination, and
imaging modalities, mostly head computed tomography (CT) scan. Several clinical decision rules or aides help
physicians choose the most suitable pathway and reduce unnecessary procedures, mostly imaging modalities among
patients with minimal to mild TBL.® However, the implementation of rules does not necessarily lead to a reduction in
emergency department use of CT imaging.’
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Dubucs et al suggested the cutaneous impact location (CIL) of injury as a possible predictor of intracranial lesions
among the elderly with mild traumatic brain injury.® The primary aim of this study was to assess the CIL of head injury
and its association with intracranial lesions identified on head CT scans among a wider, general elderly population
irrespective of TBI severity treated for suspected or confirmed traumatic brain injury at the emergency department.

Methods

Study Design

We conducted a retrospective, single-center, descriptive observational cohort study of geriatric patients aged 65 years and
older treated for suspected or confirmed traumatic brain injury in the trauma surgery ED of the Louis Pasteur University
Hospital in KosSice. Patients were identified through the hospital emergency department’s electronic health records
system. Patient assessment was conducted and documented by senior trauma surgery physicians. Additional data points
were extracted from patients’ electronic health records. One-year mortality was assessed through the national mortality

electronic records system.

Inclusion and Exclusion Criteria

All patients aged 65 years and older, who were treated in the emergency department for suspected or confirmed traumatic
brain injury, and underwent initial CT scan imaging in the ED between January and June 2018 and January and
June 2019 were included in the study. We selected the winter-spring periods to align with a selected pool of patients
in the study by Dubucs et al.® We excluded all patients with chronic lesions without new-onset intracranial bleedings
(intracranial hematomas without active post-injury re-bleedings) and all patients with incomplete data (missing cutaneous
impact location, missing blood thinners use) (Figure 1). The decision to perform a head CT scan was made by the treating
physician according to the local standard procedure (all patients aged 65 years and older with suspected or confirmed TBI
are indicated for a CT scan).

Patients 265 years old admitted to the
ED for suspected or confirmed TBI who
underwent head CT scan:

N=532

Excluded due to chronic CT finding:

\ 4

4 patients with chronic subdural
haematoma without active re-bleeding

v

Assessed for inclusion:

N=528

Excluded due to incomplete data:

64 patients due to undocumented
cutaneous impact location

91 patients due to undocumented blood
thinners use

v

4
Included in the final analysis:

N=381

Figure | Patient flowchart.
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Methodology

The study assessed the CIL of injury and its association with intracranial lesions found on a head CT scan among
patients 65 years and older treated in the ED for suspected or confirmed TBI. All head CT scans were evaluated and
interpreted at the time of the procedure by a senior radiologist through a written electronic report. Intracranial lesions
were defined and described as acute epidural, subdural, or subarachnoid hemorrhages, and acute intra-parenchymal
hematoma/cerebral contusion. In cases of more than one lesion, multiple lesions were reported. Additionally, besides
intracranial injury, we reported skull fractures, fractures of facial bones, and other severe accidental findings (stroke,
tumor). CIL of the injury (fronto-facial, temporoparietal, occipital, or no visible cutaneous impact) was recorded
according to the electronic records, which were assessed and documented by a treating physician in the emergency
department. The cutaneous location of the injury was described as follows: fronto-facial, temporoparietal, occipital,
multiple impacts including occipital and/or temporoparietal zone or no visible cutaneous impact (Figure 2). The type
of injury in regard to bleeding (open wound requiring suture or without needed suture) was recorded as described by
the treating physician.

The following demographic parameters were reported from patients’ electronic health records: Age (in years), sex,
location of the incident (home, nursing home, healthcare facility, outside, other), type of injury (ground-level fall, fall
from bed or a chair, fall from height or stairs, road traffic accident, found on the ground without further witnessed
mechanism, other), mode of transportation to the hospital (EMS, alone, or sent from another department/healthcare
facility to the ED). Additionally, the following parameters were included and analyzed: Glasgow score during initial
presentation; the use of antiplatelet (aspirin, clopidogrel), anticoagulants (warfarin, direct oral anticoagulants — DOACs),
subcutaneous anticoagulant (LWMH) or combinations; and death within 12 months of the injury. The transient symptoms
after the injury were collected, if reported by the patient or noted by the physician or EMS crew (loss of consciousness,
post-injury amnesia, >1 episode of vomiting). Alcohol intoxication was recorded as a qualitative parameter (based on
laboratory values or self-reported use). Any unavailable variables were categorized as “undocumented”.

Ethics Approval
The study protocol was approved by the Ethics Committee of Louis Pasteur University Hospital in Kosice, Slovakia
(code of approval: 2020/EK/12086).

Cutaneous impact in the location of
interest

Temporo-parietal

Occipital

Multiple, involving occipital region

Cutaneous impact outside the location
of interest

Fronto-facial

No visible impact

Figure 2 Description of the cutaneous impact location of interest.
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Statistical Analysis

Statistical analysis was conducted using SPSS (version 28) for MacOs. Categorical variables are presented as absolute
counts and percentages. Continuous variables are presented as means (standard deviations) or medians (IQR). The
differences in the distribution of categorical variables were analyzed using Chi-square tests. Distributions of continuous
variables were assessed for normality using the Shapiro—Wilk tests. The differences in the distribution of continuous
variables were compared and analyzed using Mann—Whitney U testing. Additionally, a multivariable logistic regression
model using a stepwise entry conditional model (p < 0.05 for entry and p > 0.15 for removal) was performed to
investigate the factors predicting intracranial injury as the primary outcome, and effect sizes are reported as odds ratios.
P-values of <0.05 were considered statistically significant.

Results

In two consecutive periods (January 2018 to June 2018 and January 2019 to June 2019), 532 patients were assessed for
inclusion. Four patients were excluded per exclusion criteria (positive CT scans but not acute TBI — chronic subdural
hematoma without active re-bleeding). We excluded 64 patients due to undocumented cutaneous impact location and 91
patients due to undocumented blood thinners use (unknown coagulation status). The remaining 381 patients were
included in the final analysis (Figure 1). Overall, the mean age of the study population was 77.9 years (SD 8.3) and
168 (44.0%) were male. Shapiro—Wilk tests revealed non-normal distributions of continuous variables. The majority of
patients was transported to the ED by emergency medical services (242 patients; 63.5%). Most of the accidents happened
outside (129 patients; 33.9%) or at home (120 patients; 31.5%) and the most common mechanism of injury was ground-
level fall from standing (258 patients; 67.7%). In total, 36 (9.5%) of the 381 patients included in the study were
diagnosed with intracranial bleeding. Subarachnoid hemorrhage was the most prevalent finding (25 patients; 6.6%)
followed by subdural hemorrhage (17 patients; 4.5%). Multiple types of intracranial bleeding occurred among 9 patients
(2.4%). The usage of blood thinners was recorded among 227 patients (59.6%), of which 130 patients (34.1%) were on
mono or dual antiplatelet therapy, 44 patients (11.5%) were on DOACs, 35 patients (9.2%) on warfarin, 12 patients
(3.2%) on LMWH, and 6 patients (1.5%) on combined antiplatelet and anticoagulation therapy. A bleeding head wound
was present in 143 cases (37.5%), bleeding wound in the location of interest was present in 60 cases (15.7%). Fifty-five
patients (14.4%) were intoxicated by alcohol. CIL of interest was present among 178 (46.7%) patients. An impact outside
of the location of interest was recorded among 203 (53.3%) patients. The most frequent location of impact was fronto-
facial (193 patients; 50.7%), followed by occipital location (98 patients; 25.7%). Three patients required neurosurgical
intervention. Two patients presented with GCS 15 and one with GCS 11, all of them had subdural bleeding, and one
patient had a combination of subdural and subarachnoideal bleeding. Two had a frontal impact location, one had an
occipital impact location. All of them were on blood thinners (one patient on NOAC, two on antiplatelet treatments),
none of them had a bleeding wound and all made a full recovery. Further characteristics of the study population are
presented in Table 1 and Table 2.

The prevalence of intracranial bleeding was higher in the CIL of interest group compared with other locations outside
(23 patients vs 13 patients; 12.9% vs 6.4%; p = 0.030). We observed a significantly higher number of subarachnoid
hemorrhages in the CIL of interest group compared with CIL outside of the location of interest (18 cases vs 7 cases).
A multivariable logistic regression model using a stepwise entry conditional model (p < 0.05 for entry and p > 0.15 for
removal) was performed to investigate the factors (CIL, age, GCS, usage of blood thinners, intoxication) predicting
intracranial injury as the primary outcome. CIL of interest was a predictor of intracranial bleeding (p = 0.033; OR: 2.17;
95% CI: 1.064.42; area under the ROC curve (AUC): 0.59). The usage of blood thinners was not associated with
intracranial bleeding irrespective of CIL (Figure 3). The results of additional analyses are presented in Table 3 and
Table 4.

Discussion
The overall prevalence of intracranial bleeding in our cohort of elderly patients with head trauma was 9.5%, which is
consistent with several studies performed among this population.* ' The most common etiology of TBI injuries in this group
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Table | Summary of Patient Demographics and Characteristics (N = 381)

Variable N(%)
Male sex 168 (44.0)
Age

- Mean (SD) 77.9 (8.3)

- 65-69 96 (25.2)

-70-79 137 (36.0)

- 80-89 120 31.5)

- 90-100 28 (7.3)
Entry to the ED

- EMS 242 (63.5)

- Alone 96 (25.2)

- Sent by other healthcare professional/facility 36 (9.5)

- Undocumented 7 (1.8)
Place of injury

- Retirement home/facility for seniors 65 (17.0)

- Healthcare facility 29 (7.6)

- Home 120 31.5)

- Outside 129 (33.9)

- Undocumented 38 (10.0)
Mechanism of injury

- Ground-level fall from standing 258 (67.7)

- Fall from chair/bed 31 (8.1)

- Found on the ground, mechanism not known 22 (5.8)

- Fall from a height 6 (1.6)

- Traffic accident 4 (1.0)

- Other (interpersonal violence, combined mechanisms...) 45 (11.8)

- Undocumented 13 (3.4)
Death within 12 months 76 (19.9)

Table 2 Summary of Patient Clinical Findings and Outcomes (N = 381)

Variable N(%)
GCs
- 15 305 (80.0)
- 14 54 (14.2)
- 13 1 (0.3)
- 12> 10 (2.6)
- Undocumented 11 (2.9)
Symptoms after injury
- Loss of consciousness
Yes 29 (7.6)
No 249 (65.4)
Undocumented 103 (27.0)
- Vomiting
Yes 24 (6.3)
No 279 (73.2)
Undocumented 78 (20.5)
(Continued)
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Table 2 (Continued).

Variable N(%)
- Amnesia
Yes 96 (25.2)
No 206 (54.1)
Undocumented 79 (20.7)
Intracranial bleeding (9 patients had multiple findings) 36 (9.5)
- Subdural hemorrhage 17 (4.5)
- Epidural hemorrhage 1 (0.3)
- Subarachnoid hemorrhage 25 (6.6)
- Brain contusion 5(1.3)
Skull fracture 15 (3.9)
Facial bone fracture 32 (84)
Other severe accidental finding (stroke, tumor) 7 (1.8)
Neurosurgical intervention 3 (0.6)

Blood thinners

- On blood thinners 227 (59.6)

- None 154 (40.4)

- Warfarin 35 (9.2)

- DOAC 44 (11.5)

- Antiplatelet 130 (34.1)

- LMWH 12 (3.2)

- Antiplatelet + LMWH 4 (1.0

- Antiplatelet + DOAC 2 (0.5)
Cutaneous impact in the location of interest 178 (46.7)

- Temporo-parietal 51 (13.4)

- Occipital 98 (25.7)

- Multiple, involving occipital area 29 (7.6)

Cutaneous impact location not in the location of interest | 203 (53.3)

- Fronto-facial 193 (50.7)
- None 10 (2.6)
Intoxicated with alcohol 55 (14.4)
Bleeding wound 143 (37.5)
- In the CIL 60 (15.7)
- Outside of CIL 83 (21.8)

was ground-level fall (258 patients; 67.7%), which is in accordance with the current literature.>*'%!'%!> The majority of
injuries occurred at home or outside, with similar frequencies. In our cohort of patients, more patients had suffered their injury
outside in comparison to a similar study.> A selection bias of the study periods (spring months) may explain this because
people are more likely to spend their days outside when the weather is getting better. The most common CT finding was
subarachnoid hemorrhage (25 patients; 6.6%) followed by subdural hemorrhage (17 patients; 4.5%), which are the most
common intracranial lesions among general geriatric populations treated for head injuries.®'%!2

Cutaneous impact in the location of interest (involvement of the temporo-parietal or occipital region) was present
among 178 (46.7%) patients. Although more patients had their impact location outside the location of interest (203
patients; 53.3%), they had a lower prevalence of intracranial bleeding (13 vs 23 patients; 6.4% vs 12.9%; p = 0.030). CIL

of interest was a predictor of intracranial bleeding in the multivariable logistic regression model (p = 0.033; OR: 2.17;
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Cutaneous impact location (CIL)
VS.
intracranial bleeding (ICB)

CIL negative (N=203) CIL positive (N=178)
VS. VS.
ICB (N=13) ICB (N=23)
No blood Blood thinners No blood Blood thinners
i (H~6s) (N=117) thinners (N=68) (N=110)
VS. VS. VS. VS.
ICB (N=3) ICB (N=10) ICB (N=9) ICB (N=14)
p=0.146 p=0.922
Chi-square: 2.116 Chi-square: 0.01
Cramer's V: 0.102 Cramer's V: 0.007

Figure 3 Association between blood thinners usage and intracranial bleeding in regard to the cutaneous impact location.

95% CI: 1.06—4.42; area under the ROC curve (AUC): 0.59). We observed a significantly higher number of subarachnoid
hemorrhages in the CIL of interest group, compared with outside. Our model was not mutually exclusive, since several
patients had multiple types of intracranial bleeding; therefore, we did not analyze this finding further. Nevertheless, this
accidental finding warrants further investigations.

Examination of the CIL in connection with geriatric head injuries and TBI is a relatively new area, which has not
been studied in detail in this population. Ibafiez Pérez De La Blanca et al studied risk factors for intracranial lesions and
mortality in older patients with mild traumatic brain injuries and did not find an association between cranio-facial lesions
and such outcomes. However, only 56% (258/504) of patients in this study had some.'? De Wit et al studied elderly
patients admitted to the ED due to ground-level falls with suspected or confirmed traumatic brain injury (2176 patients)
and reported the association of the presence of head laceration or bruise with an increased risk of intracranial lesions with
OR at 4.33 (95% CI: 2.7-7.0) in the multivariable analysis.'® A specific CIL was not assessed in this study. Lampart et al
reported an association of “visible injury signs above the clavicles” with an increased risk of intracranial bleeding.''
Cipriano et al also reported a higher prevalence of immediate intracranial bleeding in the cohort of anticoagulated
geriatric patients with clear evidence of trauma above the clavicles.'* Both did not assess a specific CIL.

Dubucs et al suggested that CIL of injury may help to identify the risk for mTBI-related intracranial lesions in older
patients.® In their first study among 365 geriatric patients with mTBI, they reported increased relative risk of intracranial
bleeding among patients with cutaneous temporo-parietal or occipital impact in comparison with cutaneous frontal
impact (RR = 2.54; 95% CI 1.20 to 5.42).% Dubucs et al recently examined the CIL of interest theory (temporo-parietal
and occipital) in the validation study for their mild-TBI model. Compared with the location of interest, ORs of
intracranial injuries for other locations were significantly lower.” Our study is in line with these findings. The role of
CIL is more examined among pediatric patients. Non-frontal scalp hematoma was adopted as one of the six factors
associated with a clinically important TBI in the prediction rule derived by the Pediatric Emergency Care Applied
Research Network (PECARN)."> CIL in temporal, parietal, and occipital zones (location of interest in our work) is
a relatively well-established factor among pediatric clinical prediction rules concerning traumatic brain injury.'®'®

Biomechanics and pathophysiology behind the increased risk of intracranial injury in patients with CILs in the area
of interest are poorly understood, and several hypotheses have been proposed, including deficient postural reflexes in
elderly people unable to sufficiently reduce the kinetic energy of the fall in that direction. Special anatomical and
physiological features of head tissues and the brain may also play a role.” Data examining the issue of the direction of
the fall and its effect on the incidence of intracranial bleeding are inconclusive. Some studies indicate a higher risk of
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Table 3 Factors Associated with the CIL of Interest (N = 381)

Variable Cutaneous Impact Outside the Cutaneous Impact in the p-value
Location of Interest (N = 203) Location of Interest (N = 178)

Male sex, n (%) 94 (46.3) 74 (41.6) 0.353
Age, median (IQR) 77.0 (13.0) 79.0 (14.0) 0.341
Age category, n (%)

6569 50 (24.6) 46 (25.8)

70-79 77 (37.9) 60 (33.7) 0.626

80-89 64 (31.5) 56 (31.5)

90-100 12 (5.9) 16 (9.0)
GCS, mean (SD) 14.1 (2.9) 14.4 (2.3) 0.148
Intoxication, n (%) 31 (15.2) 24 (13.5) 0.359
Intracranial bleeding in general, n (%) 13 (6.4) 23 (12.9) 0.030
Intracranial bleeding-specific lesions [9 patients
(2.4%) had multiple findings], n (%)

- Subdural hemorrhage 7 (34) 10 (5.6)

- Epidural hemorrhage 0 1 (0.6)

- Subarachnoid hemorrhage 7 (34) 18 (10.1)

- Brain contusion 2 (1.0) 3(1.7)
Skull fracture, n (%) 5(2.5) 10 (5.6) 0.114
Facial bone fracture, n (%) 29 (14.3) 3(1.7) <0.001
Bleeding wound, n (%) 83 (40.9) 60 (33.7) 0.149
Neurosurgical intervention, n (%) 2 (0.7) 1 (0.4)
Blood thinners, n (%) 117 (57.6) 110 (61.8) 0.409
Blood thinners specific, n (%)

None 86 (42.4) 68 (38.2)

Warfarin 13 (6.4) 22 (12.4)

DOAC 25 (12.3) 19 (10.7)

Antiplatelet 68 (33.5) 62 (34.8)

LMWH 734 5(28) 0.114

Antipl + LMWH 4 (2.0 0

Antipl + DOAC 0 2 (L1.1)

Table 4 Binary Logistic Regression for the Outcome of Intracranial Bleeding

Variable Significance (p) | Odds Ratio (OR) | 95% Confidence Interval

Cutaneous impact in the location of interest 0.033 2,17 1.06—4.42

ROC Curve Analysis AUC Standard Error | 95% Confidence Interval
0.595 0.049 0.544-0.645

injuries in forward falls, others backward, but specific CIL was not assessed.>* Frontal impacts may be associated with

some of the kinetic energy absorbed by postural adaptation reflexes of the upper limbs.® Deterioration of physiological
functions in the elderly, including the deterioration of the quality of visual, auditory, and balance functions may reduce
the possibilities of more flexible reactions and thus the ability to avoid or cushion the fall, although its specific role in
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regard to the direction of a fall has not been studied in detail.'” The frontal impact may also have a decreased risk of
intracranial bleeding due to the thickness of the frontal bone, which is greater than the temporal, parietal and occipital
bones.”® The structure and thickness of bone tissues may also be connected to the interhemispheric subdural
hematoma, which typically occurs in the elderly by the injury of bridging veins and commonly appears in the parietal
and occipital regions."?

Anticoagulation and antiplatelet medications are historically connected with a potential for an increased risk of
traumatic intracranial bleeding, and the debate is still ongoing with numerous research papers examining the effects of
this factor among geriatric patients with TBL.%'%!1%!421"25 Oyr study did not find a statistically significant association
between the incidence of intracranial bleeding and the use of anticoagulants or antiplatelets among both CIL locations.
These findings are in line with numerous recent research papers examining the issue within the population of geriatric

traumatic brain injury.” "'

Limitations

Our study had several limitations. For this study, we purposefully included all consecutive adult patients over 65 years
who have sustained suspected or confirmed traumatic brain injury and did not rule out patients based on their TBI
severity according to the presenting GCS score (minimal, mild, moderate, severe). We wanted to portray the most
common, general cohort of this specific subpopulation which reflects the clinical reality of geriatric TBI (older patients
who come to the ED because of suspected or confirmed head injury irrespective of their presentation or severity). The
retrospective nature of this study posed numerous challenges. The absence of standardization of electronic records and
patient notes influenced the data, which resulted in a higher number of undocumented variables and missing data. There
was no patient follow-up, which could document delayed intracranial hemorrhage, despite its low prevalence according
to the current literature, even in the anticoagulated group of patients.'*?*?® Further research in this area is needed to
suggest a standardized diagnostic tool, which may consider incorporating CIL as one of its parameters.

Conclusions

The cutaneous impact location of head injury can be considered as a potential parameter to predict intracranial lesions
among geriatric patients with traumatic brain injury. Physicians should be aware of this association when assessing
elderly patients with head injuries. More studies are needed to develop a clinical management tool incorporating
cutaneous impact location of injury to guide the diagnosis of TBI in this population.

Abbreviations

95% CI, 95% Confidence Interval; CIL, cutaneous impact location; CT, computed tomography; DOACsS, direct oral
anticoagulants; ED, emergency department; EMS, emergency medical services; GCS, Glasgow Coma Scale; IQR,
interquartile range; LMWH, low molecular weight heparin; OR, odds ratio; ROC, Receiver operating characteristics;
RR, relative risk; TBI, traumatic brain injury.
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