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Background and aim: Screening of traumatic brain injuries (TBI) using different clinical assessment tools would
facilitate diagnosis and effective inpatient follow-up. We aimed to describe rates of diagnosis, classification,
documentation, and referral practices for TBI inpatients.

Material and methods: In a retrospective cohort study, we reviewed electronic clinical records of adult patients
admitted to a hospital ward with head trauma from an emergency department (ED) in 2021. Data included
demographics, injury, TBI diagnoses, and referral to concussion services. Factors predicting ED physician
documentation and referral to concussion services were identified.

Results: Of approximately 34,000 adults admitted from the ED, 1059 presented with head trauma, and 609
(57.5 %) were diagnosed with TBI. There were 553 mild/moderate TBI cases with an incidence rate of 103.4 per
100,000 adult population in Canterbury. 14 % (n = 77) were referred to a concussion service.

Predictors of ED-documented TBI included non-isolated head injury (OR:0.60), head CT request (OR:9.12),
injured in street/public areas (OR:2.03). Older age and non-isolated head injury decreased odds of concussion
service referral (0.96 and 0.46, respectively), while female and ED-documented TBI increased odds of referral
(5.8 and 28, respectively).

Conclusion: Better documentation of mild/moderate TBI might facilitate health care access, with efficient clinical

decision making.

Background

Traumatic brain injury (TBI) affects 69 million people worldwide
annually, of whom 55.9 million sustain mild/moderate TBI [1]. The
2016 global burden of disease systematic analysis found the years of life
lived with disability (YLDs) for TBI were 8.1 million [2]. In NZ,
approximately 36,000 people sustain TBI annually, of whom more than
35,000 sustain mild/moderate TBI [3]. The costs of TBI may include
hospital and outpatient costs, community support, and productivity loss
[4]. In addition to physical complications, many people experience
cognitive, emotional, and behavioural problems, which may adversely
impact education, employment and independent living [5].

Clinical studies have widely used the International Classification of
Disease (ICD) codes to identify TBI [6-8] and the Glasgow Coma Scale

(GCS) score to classify the severity of TBI [9-15]. Diagnosis of mild TBI
is largely based on World Health Organisation (WHO) criteria including
GCS and/or loss of consciousness (LOC), confusion/disorientation, post
traumatic amnesia (PTA), and computed tomography (CT) scan findings
[16-20]. Accurate TBI diagnosis and documentation in the emergency
department (ED) facilitates appropriate handover, yet, in one previous
study from 2009 to 2013 in a United States ED, it was observed that
almost half of the patients did not have their diagnosis of TBI docu-
mented. The findings indicated that documentation of TBI was incom-
plete and needed improvement [21]. While some hospitals have a policy
to provide verbal or written discharge instructions, as well as offer a
follow-up appointment [15,20], the extent to which this occurs is not yet
well understood. Factors such as age, sex, ethnicity, GCS score, head CT
scan findings, and hospital length of stay may affect the likelihood of
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patients receiving follow-up care [9, 20, 22], though the relevance of
these factors in NZ for referrals from the ED remains unclear.

It is important to focus on the admitted cohort of patients with mild
and moderate TBI, as they often represent a "hidden population" in the
healthcare system. They are in danger of receiving incomplete care
because of the fragmentation of care when transitioning between
different services in the hospital. Most times, documentation of the TBI
diagnosis is lost in discharge or overridden by other active clinical issues
[21], which significantly contributes to follow-up care gaps and missed
opportunities for proper referral to concussion services. Moreover, this
admitted cohort may get less attention than those with severe TBI, who
are more readily identified, or those patients being discharged directly
from the ED, who are often flagged for follow-up. Most patients with
mild to moderate TBI have their diagnosis overlooked due to a lack of
proper screening, documentation, and referral pathways; hence, the
likelihood of long-term consequences like impairments in cognition or
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functional attributes increases.

Insights on factors influencing documentation and referral processes
at ED may give opportunities to design and implement efficient in-
terventions to improve health pathways and patient outcomes. This
study reviewed patients with head trauma who presented to the largest
ED (Christchurch hospital) in New Zealand in 2021 to describe rates of
diagnosis, classification, documentation, and referral practices.

Material and methods
Design

In a retrospective cohort study, we charted and reviewed all elec-
tronically available clinical records of adult patients admitted with TBI

from the Christchurch Hospital ED in one calendar year. We obtained
ethics approval from the University of Otago Human Ethics Committee

Extracted data

Inclusions

Open wound of head (S01)
»| Fracture of skull & facial bones (S02)

Injury of optic chiasm. optic tract and pathways; injuty
of visual cortex (S04)

Intracranial injury (S06)

Crushing injury of head (S07)

Unspedfied injury of head (S09)

Injuries involving head with neck (T02.0, T04.0, T06.0)
Sequela of injuries of the head (T90)

Documented TBI

EM Physician documented:
Traumatic intercranial haemorrhage OR
intercerebral haemorrhage OR
Brain injury OR
Concussion

L

No

Symptoms

/\

One of WHO criteria

GCS <15

Loss of consciousness
Confusion or disorientation
Post traumatic amnesia
Focal neurological signs,
Seizure, Intracranial lesion

aprONMS

Identified TBI

Not TBI

Two or more

Nausea/vomiting

Headache

Dizziness or loss of balance

Speech problems

Sensory problems, such as blurred vision,
ringing in the ears, a bad taste in the
mouth or changes in the abilityto smell
Weakness/numbness

Walking difficulties

Feeling depressed or anxious
Irritability or change in mood or
personality

* Drowsinessorchangein sleep

Presumed TBI

Fig. 1. TBI diagnosis Flowchart.
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(HD22/058).
Setting and participants

Canterbury, a region located in the central-eastern South Island of
NZ, had an estimated 535,000 adults aged 16 and over in 2021[23]. We
included all adult patients (aged 16 or over) admitted inwards with head
trauma (ICD10 S01-S09; Appendix 1) presenting to the Christchurch
Hospital ED in Canterbury from January to December 2021 [24].
Exclusion criteria were patients with a GCS < 9.

Data collection

Data extracted from the medical record included demographics (age,
gender, ethnicity, pre-injury mental health history), injury details
(arrival complaint, triage (Australasian triage scale) [25], GCS, injury
cause, place of trauma, admission and discharge time, injury diagnosis,
and brain imaging), TBI diagnosis (PTA, TBI symptom/signs, docu-
mented TBI diagnosis), disposition and follow-up (length of stay, type of
discharge, referrals). Data were entered into REDCap [26] before
extraction into STATA for analysis.

TBI definition and determination

We classified patients as "ED-documented TBI", "identified TBI", or
"presumed TBI" (see Fig. 1). The severity of TBI was defined by the
lowest GCS or PTA from the time of injury to the disposition of patients.
Mild TBI was defined as GCS 13-15 and PTA < 1 day from injury and
Moderate TBI as GCS 9-12 or PTA 1-6 days from injury. Severe TBI was
defined as GCS < 8 or PTA > 7 days from injury. All records were
reviewed by one researcher for consistency (MZ), with random quality
assurance by another researcher (DS). Different causes of injuries and
locations of injuries were categorised according to ICD10 [24].

Data analysis

STATA software (version 18) was used for all statistical analyses. We
calculated age and sex-adjusted incidence rates for mild/moderate TBI.
We combined identified and presumed TBI cases under "Researcher-
defined TBI". Logistic regression models were used to identify factors
affecting the documentation of TBI and referral of patients with mild/
moderate TBI. We conducted univariate analyses and then multivariable
analysis adjusting for demographic, injury, hospital, and TBI-related
variables contributing to the documentation of TBIs and referrals to
concussion services using binary logistic regression. Estimated metrics
are presented with 95 % confidence intervals (CI95).

Results

Approximately 33,800 adults attended the ED and were admitted
into the hospital (female; 51.86 %) over 12 months. Among them, 1071
(3.2 %) were identified as having head trauma. Following chart review,
12 cases were excluded due to unclear evidence of head trauma, leaving
1059 head trauma patients for analysis of whom 57.3 % (n = 607) were
male, Appendix 3. The median age was 71 years, ranging from 17 to 98.
Most patients identified as NZ European (80.4 %), followed by Maori
(9.9 %).

The majority of injuries (65.4 %) were caused by falls, followed by
transport accidents (18.3 %) and assault (8.1 %). Intoxication (alcohol/
drug) at the time of trauma was recorded in 12.6 % of patients, and
13.8 % had a history of mental health problems. Head CT scans were
requested for 83.8 % of patients, of which 27.5 % showed positive re-
sults such as intracranial haemorrhage (see appendix 2). The overall
median length of stay in the ED was 5.7 hours and the median hospital
stay was 3.4 days. Most patients were transferred to general medicine
(40.1 %), followed by orthopaedics (18.3 %), neurosurgery (13.3 %),
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and general surgery (10.0 %) (see appendix 3).

Four individuals with mild/moderate TBI died from unrelated causes
during admission. Of the mild/moderate TBI patients, 33.1 % were
discharged home with no follow-up, while the rest received at least one
onward referral to GP (28.2 %), a medical specialist (24.6 %), transfer to
other facilities (18.4 %), and/or directly to a concussion service (only
14 % (n = 77)).

Incidence rate

Of all ED admissions, 399 (37.7 %) were ED-documented TBIs, and
210 (19.8 %) cases that met the TBI criteria were Researcher-defined
TBI. Therefore, the total number of TBI cases (mild, moderate and se-
vere) was 609, indicating 1.8 % of patients admitted from the ED and a
rate of 113.8 (CI95: 105.2-123.3) per 100,000 population in
Canterbury.

After excluding severe TBIL, 528 (86.7 %) cases were classified as
mild TBI, and 25 (4.11 %) as moderate, which represents an incidence
rate of 103.4 (CI95: 95.1-112.4) per 100,000 adults in Canterbury, and
121.4/100,000 (CI95:108.9-135.4) for males and 85.6,/100,000 (CI95:
75.2-97.4) for females. The incidence rates of mild/moderate TBI were
99.1 (CI95: 90.3-108.9), 125.5 (CI95: 98.0-160.6), 32.0 (CI95:
20.4-50.1), and 41.4 (CI95: 19.8-86.9) per 100,000 adults in Canter-
bury for individuals of European, Maori, Asian, and Pacific ethnicities,
respectively.

TBI diagnosis and documentation

Table 1 presents the characteristics of admitted patients with TBI
diagnoses (n = 609) and mild/moderate TBI documentation (n = 553).
Males accounted for 56.2 % of the mild/moderate ED-documented TBIs
and 62.2 % of researcher-defined TBIs. The median age was 66 years in
ED-documented TBIs and 71 years in researcher-defined TBIs. Most
patients were NZ European in both groups (76.1 % ED-documented and
84.1 % researcher-defined). Falls were the leading cause of mild/mod-
erate TBI in both groups (58.2 % for ED-documented and 66.2 % for
researcher-defined), followed by transport accidents (29 % for ED-
documented; 23.9 % for researcher-defined). Mild/moderate ED-
documented TBIs had higher rates of head CT scan requests, longer
hospital stays, experienced more isolated head trauma and were more
frequently injured in public places.

Patients injured in street and public areas (adjusted OR: 2.0; CI95
1.0-4.1) and those who underwent a head CT scan (adjusted OR: 9.1;
CI95 3.5-23.6) were linked with increased odds of be ED-documented
TBI, while those with non-isolated head injury (adjusted OR: 0.6; CI95
0.4-0.9) were linked with decreased odds (see appendix 5).

TBI referral to concussion services

Table 2 presents the 77 admitted patients with TBI diagnoses
referred to concussion services. Males comprised 51.9 % and 59.1 % of
the referred and not-referred groups, respectively. Moreover, the
referred group was younger (median age 37) than the not-referred group
(median age 71). Most patients were NZ European, accounting for
63.6 % in the referred group and 81.5 % in the not-referred group. The
following factors were associated with referral to a concussion service:
older age and non-isolated head injury were linked with decreased odds
of referral (adjusted OR=0.96; CI95 0.94-0.97 and adjusted OR=0.46;
95 %CI 0.3-0.8, respectively) while being female and ED-
documentation TBI resulted in a 5.78 (CI95 1.5-5.1) and 28-fold (CI95
6.7-118.0) increase in adjusted odds of referral, respectively (see ap-
pendix 6).

Discussion

TBI severity was classified according to the lowest GCS or PTA.
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Table 1
Demographic, injury, and hospital data for patients documented as mild and moderate TBI by ED physicians versus those defined as mild and moderate TBI by
researcher (n = 553).

All patients ~ Mild or Researcher- ED-documented Difference between ED- P value
(n = 1059) Moderate TBI defined TBI TBI (n = 352) documented and Research
(n =553) (n=201) defined (CI95)
Age in years, 71 (40-83) 69 (40—83) 71 (43-82) 66 (36.5-83) -5(-12.3-2.3) 0.26
Median (IQR)
Sex Male 607 (57.3) 323 (58.4) 125 (62.2) 198 (56.2) —5.9 (-14.4-2.5) 0.17
n (%)
Ethnicity
n (%)
European 852 (80.5) 437 (79.0) 169 (84.1) 268 (76.1) 0.07
Maori 105 (9.9) 63 (11.4) 19 (9. 5) 44 (12.5)
Asian 38 (3.6) 19 (3.4) 5(2.5) 14 (4.0)
Pacific People 21 (2.0) 7 (1.3) 3(1.5) 4(1.1)
Middle Eastern/Latin 6 (0.6) 3(0.54) 2(1.0) 1(0.3)
American/African
Other Ethnicity 37 (3.5) 24 (4.3) 3(1.5) 21 (6.0)
Ethnicity, n (%)
Not Maori Not Pacific 483 (87.3) 179 (89.1) 304 (86.4) 0.55
Maori 63 (11.4) 19 (9.5) 44 (12.5)
Pacific 7 (1.3) 3(1.5) 4(1.1)
Mental health 146 (13.8) 86 (15.5) 35 (17.4) 51 (14.5) —2.9 (-9.3-3.5) 0.36
history
n (%)
Intoxication 134 (12.7) 73(13.2) 28 (13.9) 45 (12. 8) -1.1(-7.1-4.8) 0.70
n (%)
Arrival Method
n (%)
Ambulance 765 (72.2) 400 (72.3) 148 (73.6) 252 (71.6) 0.21
Walk-in 224 (21.2) 108 (19.5) 43 (21.4) 65 (18.5)
Helicopter 63 (6.0) 40 (7.2) 9(4.5) 31(8.8)
Police 7 (0.7) 5(0.9) 1 (0.5) 4(1.1)
Arrival day
n (%)
Weekday 670 (63.2) 350 (63.3) 123 (61.2) 227 (64.5) 0.44
Weekend 389 (36.8) 203 (36.7) 78 (38.8) 125 (35.5)
Triage
n (%)
1 104 (9.8) 39 (7.1) 8 (4.0) 31(8.8) 0.12
2 260 (25.6) 156 (28.2) 54 (26.9) 102 (29.0)
3 602 (56.9) 326 (58.9) 125 (62.2) 201 (57.1)
4 91 (8.6) 32 (5.8) 14 (7.0) 18 (5.1)
5 2(0.19) 0 0
GCS
n (%)
Severe 63 (6) 2 (0.3) 0 2(0.6) 0.19
Moderate 35(3.3) 26 (4.7) 6 (3.0) 20 (5.7)
Mild 961 (90.8) 525 (94.9) 195 (97.0) 330 (93.8)
Cause of Injury
n (%)
Falls 693 (65.4) 338 (61.1) 133 (66.2) 205 (58.2) 0.49
Transport accident 220 (20.7) 150 (27.1) 48 (23.9) 102 (29.0)
Assault 86 (8.1) 42 (7.6) 13 (6.5) 29 (8.2)
Exposure to inanimate/ 40 (3.8) 17 (3.1) 5(2.5) 12 (3.4)
animate mechanical forces
Other 20 (1.9) 6(1.1) 2(1.0) 4(1.1)
Place of Injury
n (%)
Non-institutional (private) 411 (38.8) 210 (38.0) 95 (47.3) 115 (32.7)
residence
Street, highway, and other 217 (20.5) 137 (24.8) 44 (21.9) 93 (26.4) 0.02
paved roadways
Institutional (nonprivate) 101 (9.5) 56 (10.1) 18 (9.0) 38 (10.8)
residence
School, other institution and 98 (9.3) 34 (6.2) 9(4.5) 25(7.1)
public, Sports and athletics
area
Other places 232 (21.9) 116 (21.0) 35(17.4) 81 (23.0)
Not-Isolated Head 508 (47.9) 275 (49.7) 111 (55.2) 164 (46.6) —8.6 (—17.3-0) 0.051
Trauma
n (%)
Head CT requested 887 (83.8) 521 (94.2) 175 (87.1) 346 (98.3) 11.2 (6.4-16.1) < 0.01
n (%)
POSTIVE CT (521) 0(0) 207 (59.8) < 0.01
n (%)

(continued on next page)
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Table 1 (continued)
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All patients Mild or Researcher- ED-documented Difference between ED- P value
(n =1059) Moderate TBI defined TBI TBI (n = 352) documented and Research
(n =553) (n=201) defined (CI95)
ED LOS (hours), 5.7 6.1 (4.6-7.9) 6.2 (4.7-9.7) 5.9 (4.5-10.0) -0.2 (-0.7-0.2) 0.76
Median (IQR) (4.1-7.5)
Hospital LOS 3.7 3.2(1.6-7.0) 2.7 (1.5-5.1) 3.8 (1.7-7.9) 1.1 (0.3-1.9) < 0.01
(days), Median (1.7-7.7)
(IQR)

Metrics are n (%) unless otherwise indicated, CI95: 95 % confidence interval, GCS=Glasgow Coma Scale, LOS: Length of Stay, TBI: Traumatic brain injury; ED:

Emergency Department, Triage (Australasian triage scale)

Patients with mild/moderate TBI were identified as ED-documented or
researcher-defined TBIs. Approximately 20 % were not documented at
the ED level as TBI, with follow-up consequences being poor healthcare.

The estimated incidence rate for admitted mild/moderate TBI, 103.4
per 100,000 adult population, was similar to previous studies, such as a
hospital-based survey in New South Wales, Australia (99.1 per 100,000)
[27], and a hospital-based study in Oslo (83.3 per 100,000) [28]. Both
the current study and the Oslo study had higher incidence for males than
females. Different incidence rates of TBI or mild TBI between studies and
reports reflected varied study designs, data sources, and TBI definitions.
For example, a NZ-based study that included people who presented to
primary care [29] estimated a higher the incidence rate at 790 per 100,
000 person-years.

The median age, 69, and percentage of males admitted, 58.4 % were
comparable with the European CENTER-TBI study [12], in which the
median age was 53 years, and males were predominant (64.9 %). Pruitt
et al. [30] and Dengler et al. [31] showed the median age for hospital-
ized mild TBI were 60 and 44 years old, with 61 % and 67.7 % being
males, respectively. The findings may therefore reflect differences in
healthcare seeking behaviour following TBI in older adults. The leading
cause of injuries was falls (61.1 %), followed by road transport accidents
(27.1 %) and assault (7.6 %) in the current study. The European
CENTER-TBI study [12] showed lower rates of TBI caused by falls
(50.8 %) and higher rates by road traffic accidents (32.7 %). In contrast,
in Pruitt ’s study [30], the proportion of TBI caused by falls (69.9 %) was
higher than in our study.

The regression model showed that patients for whom a head CT scan
was requested (OR: 9.1) and injured patient in public or street areas (OR:
2.0) were more likely to receive a documented ED diagnosis of TBI. In
contrast, those with non-isolated head injuries were 40 % less likely to
have their TBI documented. These findings were comparable to Cota and
colleagues’ study [21], which indicated that patients with negative CT
(OR: 19.4), road traffic accidents (OR: 2.1), or assaults (OR: 2.1) were
less likely to be documented as TBI. Additionally, Powel’s findings [32]
demonstrated that males (OR: 2.1), admitted patients (OR: 2.5), and
patients with confusion (OR: 3.5), amnesia (OR: 3), or LOC (OR: 2.7)
were more likely to be documented as having mild TBI in the ED. The
differences between our study and Cota’s and Powel’s [21,32] may stem
from the study’s retrospective nature and available data and the sole
focus on hospitalized patients with mild/moderate TBI.

Females and ED documentation of TBI resulted in an increase in the
odds of direct referral to a concussion service, while older age and non-
isolated head injury were linked with decreased odds. Investigations by
Crandall et.al [20] and Yue et.al [22] showed similar referral patterns,
with 25 % and 60 % of mild TBI patients, respectively referred on. In
addition, older patients and those with longer hospital stays were more
likely to receive outpatient follow-up care.

The mild/moderate TBI incidence rates were highest among patients
with Maori ethnicity (125.45 per 100,000), but Maori had 39 % lower
odds of being referred to a concussion service compared to NZ European
(C195: 0.3-1.4). Crandall et.al [20] and Yue et.al [22] also identified
that patients without insurance or a full-time job, African American or
other non-white patients were less likely to have follow-up care after
discharge. Moreover, Seabury et al. [9], demonstrated that females,
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non-Hispanic white patients and those with a 13 or 14 GCS score or
positive head CT scan were more likely to be referred after discharge.
This discrepancy in factors affecting the referral could be attributed to
the varied study populations and referral systems between healthcare
systems but highlight ethnic inequities in health care access.

Implications for further research

The higher incidence rate of TBI in Maori reveals a higher risk of TBI
in NZ’s indigenous population. Of concern is that the higher incidence
rate was not reflected in rates of referral to concussion services, sug-
gesting inequities in ED documentation and access to healthcare.
Standardised assessment and referral may assist in reducing these health
inequities. Although the nondocumented TBIs may have milder TBI and
may be more likely to recover without sequelae, some of them might
experience persistent physical/emotional symptoms [5]. Without a
documented diagnosis, individuals can experience difficulties in getting
injury insurance claim accepted, affecting their ability to access required
services, receive educational information or recommendations about
gradual return to activity and warning signs. ED physicians should
ensure appropriate documentation of TBI according to diagnostic
criteria and relevant symptoms/signs and consider the potential for
missing TBI in multiple trauma patients due to severe concomitant in-
juries. Furthermore, providing educational information and regular
reassessment of potential high-risk groups may lessen the risk of need for
referral to concussion services through early education. The referral
disparity may increase risk for persistent symptoms and consequences
for older males with multiple trauma [9].

It is imperative to conduct further research in a prospective manner,
including ED outpatients or inpatients, to examine the variation in
identification, ED care, discharge and referral process as this is likely to
vary regionally.

It is worth defining potential risk factors for inadequate documen-
tation and missing follow-up/referral, focusing on subpopulations with
a higher incidence rate of mild and moderate TBI to identify areas for
improvement. A targeted approach with standardized documentation
and clinician training could reduce inconsistencies in TBI identification
and referrals. The next step might be an interventional study to imple-
ment and evaluate a multidisciplinary clinical pathway, including
standardized clinical rules, assessment tools, and integrated referral
forms, improving TBI diagnosis, follow-up and further referral. Other
measures of evaluating referral compliance can also be implemented, e.
g., GP or specialist follow-up verification, to assist with patient flow after
ED discharge.

The use of standardized clinical rules, assessment tools (such as the
Canadian CT rule [33], abbreviated Westmead PTA scale (A-WPTA)
[34], a measure of symptom burden such as the Brain Injury Screening
Tool (BIST) [35]) may reduce inconsistencies in documentation, man-
agement, and referral. A multidisciplinary clinical pathway involving
ED nurses, Emergency physicians, occupational therapists, neurologists,
and physiotherapists may improve documentation and patient flow
following TBI. Developing a system for interdisciplinary collaboration
and structured referral pathways tailored to regional healthcare avail-
ability might improve the accuracy of documentation and patient
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Table 2
Demographic, injury, and hospital data for patients with identified mild and moderate who referred vs not referred.
Variable Not Referred Referred to concussion services  Difference (CI95) P value
(n = 476) (n=77)
Age (years), Median (IQR) 71.5 (47-85) 37 (23-61) —34.5(—44.8 to < 0.01
—24.2)
Sex Male 283 (59. 5) 40 (51.9) —7.5 (—19.5-4.5)
n (%)
Ethnicity
n (%)
European 388 (81.5) 49 (63.6) < 0.01
Maori 52 (10.9) 11 (14.3)
Asian 14 (2.9) 5(6.5)
Pacific People 5(1.1) 2(2.6)
Middle Eastern/Latin American/African 2 (0.4) 1(1.3)
Other Ethnicity 15 (3.2) 9 (11.7)
Mental health history 74 (15.5) 12 (15.6) 0 (—8.7-8.8) 0.99
n (%)
Intoxication 54 (11.3) 19 (24.7) 13.3 (3.2-23.4) < 0.01
n (%)
Arrival Method
n (%)
Ambulance 349 (73.3) 51 (66.2) 0.07
Walk-in 94 (19.7) 14 (18.2)
Helicopter 29 (6.1) 11 (14.3)
Police 4(0.8) 1(1.3)
Arrival day
n (%)
Weekday 305 (64.1) 45 (58.4) 0.34
Weekend 171 (35.9) 32 (41.6)
Triage
n (%)
1 23 (4.8) 16 (20.8) < 0.01
2 127 (26.7) 29 (37.7)
3 295 (62.0) 31 (40.3)
4 31 (6.5) 1(1.3)
GCS
n (%)
Severe 2(0.42) 0 < 0.01
Moderate 15 (3.15) 11 (14.29)
Mild 459 (96.43) 66 (85.71)
Cause of Injury
n (%)
Falls 311 (65.3) 27 (35.1) < 0.01
Transport accident 119 (25) 31 (40.3)
Assault 30 (6.3) 12 (15.6)
Exposure to inanimate/animate mechanical 12 (2.5) 5 (6.5)
forces
Other 4(0.8) 2(2.6)
Place of Injury
n (%)
Non-institutional (private) residence 196 (41.2) 14 (18.2) < 0.01
Street, highway, and other paved roadways 110 (23.1) 27 (35.1)
Institutional (nonprivate) residence 52 (10.9) 4 (5.2)
School, other institution and public, Sports and 29 (6.1) 5(6.5)
athletics area
Other places 89 (18.7) 27 (35.1)
Non-Isolated Head Trauma 245 (51.5) 30 (39.0) —12.5 (—24.3-0.7) 0.04
n (%)
Head CT requested 444 (93.3) 77 (100) 6.7 (4.5-9.0) 0.02
n (%)
Head CT positive report for TBI 169 (38.1) 38 (49.4) 11.2 (—0.7-23.3) 0.06
(n =521)
n (%)
Discharge type
n (%)
Discharge to another health facility 94 (19.715) 8(10.4) < 0.05
Discharge home 145 (30.5) 38 (49.4) < 0.01
Discharge with follow up by GP 140 (29.4) 16 (20. 8) 0.12
Referral to medical Specialist 119 (25) 17 (22.1) 0.58
Documented TBI 277 (58.2) 75 (97.4) 39.2 (33.5-44.9) < 0.01
n (%)
Median ED LOS (hours), (IQR) 6.1 (4.7-7.9) 5.9 (4.5-7.9) —0.17 (-1.0-0.7) 0.53
Median Hospital LOS (days), 3.1 (1.6-6.9) 3.3 (1.9-8.2) 0.18 (1.1-1.4) 0.25
(IQR)

Metrics are n (%) unless otherwise indicated, CI95: 95 % confidence interval, GCS=Glasgow Coma Scale, LOS: Length of Stay, TBI: Traumatic brain injury
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outcomes following TBI.

Limitations

In our retrospective chart review, we utilized ICD-10 codes to include
head trauma in hospitalized patients admitted from the ED. Some pa-
tients with head trauma might be not assigned the appropriate ICD-10
code and were misclassified under different codes. To address this, we
included patients likely to be TBI based on WHO criteria and relevant
literature, however some patients may still have been missed due to
neglected details in the medical record. Inconsistencies in ED docu-
mentation and in the inpatients’ discharge notes could influence the
identification, disposition, follow-up, referral of TBIs, impacting internal
validity. Patients advised to follow up with GPs or clinics might have
been indirectly referred to concussion services, and we had no access to
information about their potential referrals. Moreover, in an over-
crowded ED setting, physicians prioritize critical patients, thus patients
with mild/moderate TBI or severe concomitant injuries or medical
conditions might have been overlooked in terms of TBI documentation.
We employed the GCS score and PTA to classify TBI, however, intoxi-
cation (alcohol or drugs), comorbidities or acute medical conditions
(dementia and delirium) could result in misclassification. We may
expect to identify more TBI patients using the new guidelines from
American Congress of Rehabilitation Medicine [36]. Unfortunately, we
lacked access to injury insurance records to identify the proportion of
referred patients who were referred to an appropriate concussion service
after hospital discharge.

Our findings may have limited external validation and generaliz-
ability because the study was conducted at a single hospital in NZ and
only included hospitalized patients with head trauma from the ED. The
study provides no information on outpatients with head trauma or those
who visited their GP or attended urgent care following their injury.
Therefore, these findings do not generalize to all mild/moderate TBIs in
the Canterbury region. Additionally, these findings are limited as many
other potential influencing factors such as arrival method, intoxication,
cause and place on injury were unable to be entered into the regression
model due to the limited number of onward referrals reducing statistical
power if too many variables were entered.

Conclusion

In this retrospective chart review, we examined adult patients with
head trauma admitted from the main ED in the Canterbury region, NZ.
The incidence rate was 103.4 per 100,000 yearly population for mild/
moderate TBIs, with higher rates among Maori and males. Gender, age,
ethnicity, associated injuries, location of injury, and head CT scan orders
at the time of evaluation, affect documentation of TBI in ED, or direct to
concussion services. We recommend further prospective study to un-
cover the full scope of inconsistencies in diagnosis, management, and
referral from the ED to inpatients ward and concussion services.
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