Taylor & Francis
Taylor & Francis Group

Brain Injury

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/ibij20

Describing the patient journey through healthcare
pathways following mild traumatic brain injury in
New Zealand using novel Graph analysis

Renata Bastos Gottgtroy, Patria A Hume & Alice Theadom

To cite this article: Renata Bastos Gottgtroy, Patria A Hume & Alice Theadom (2023)
Describing the patient journey through healthcare pathways following mild traumatic brain
injury in New Zealand using novel Graph analysis, Brain Injury, 37:11, 1294-1304, DOI:
10.1080/02699052.2023.2230878

To link to this article: https://doi.org/10.1080/02699052.2023.2230878

© 2023 The Author(s). Published with
license by Taylor & Francis Group, LLC.

A
h View supplementary material &'

ﬁ Published online: 04 Jul 2023.

N\
[:J/ Submit your article to this journal &

||I| Article views: 458

A
& View related articles &'

P

() view Crossmark data &

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=ibij20


https://www.tandfonline.com/action/journalInformation?journalCode=ibij20
https://www.tandfonline.com/loi/ibij20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/02699052.2023.2230878
https://doi.org/10.1080/02699052.2023.2230878
https://www.tandfonline.com/doi/suppl/10.1080/02699052.2023.2230878
https://www.tandfonline.com/doi/suppl/10.1080/02699052.2023.2230878
https://www.tandfonline.com/action/authorSubmission?journalCode=ibij20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=ibij20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/02699052.2023.2230878
https://www.tandfonline.com/doi/mlt/10.1080/02699052.2023.2230878
http://crossmark.crossref.org/dialog/?doi=10.1080/02699052.2023.2230878&domain=pdf&date_stamp=04 Jul 2023
http://crossmark.crossref.org/dialog/?doi=10.1080/02699052.2023.2230878&domain=pdf&date_stamp=04 Jul 2023

BRAIN INJURY
2023, VOL. 37, NO. 11, 1294-1304
https://doi.org/10.1080/02699052.2023.2230878

Taylor & Francis
Taylor & Francis Group

8 OPEN ACCESS | ™ Greck o upssts|

Describing the patient journey through healthcare pathways following mild
traumatic brain injury in New Zealand using novel Graph analysis

Renata Bastos Gottgtroy®®, Patria A Hume®®, and Alice Theadom®

aSport Performance Research Institute New Zealand (SPRINZ), Faculty of Health and Environment Science, Auckland University of Technology,
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ABSTRACT

Aim: To identify treatment provider sequences and healthcare pathway characteristics and outcomes for
people with mild traumatic brain injury (mTBI) in New Zealand.

Methods: Total mTBI costs and key pathway characteristics were analysed using national healthcare data
(patient’s injury and services provided). Graph analysis produced sequences of treatment provider types
for claims with more than one appointment and healthcare outcomes (costs and time to exit pathway)
were compared. Key pathway characteristics’ effect on healthcare outcomes were evaluated.

Results: In two years, 55,494 accepted mTBI claims cost ACC USD$93,647,261 over four years. For claims
with more than one appointment (36%), healthcare pathways had a median 49 days (IQR, 12-185). The 89
treatment provider types resulted in 3,396 different provider sequences of which 25% were General
Practitioners only (GP), 13% Emergency Department to GP (ED-GP) and 5% GP to Concussion Service (GP-
CS). Pathways with shorter time to exit and lower costs had correct mTBI diagnosis at initial appointment.
Income maintenance comprised 52% of costs but only occurred for 20% claims.

Conclusions: Improving healthcare pathways for people with mTBI by investing in training of providers
to enable correct mTBI diagnosis could yield longer term cost savings. Interventions to reduce income
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maintenance costs are recommended.

Introduction

Over 50 million traumatic brain injuries occur annually world-
wide, with more than 90% of the cases being mild traumatic
brain injuries (mTBI) (1). In New Zealand (NZ), 35,000 people
sustain an mTBI each year (2), with a total lifetime cost of USD
$4,636 per person (3). Although classified as mild in severity,
the consequences experienced by people with mTBI can be
significant and persist for months or years if inadequate and
inefficient treatment is provided (4,5). Whilst approximately
half of the people with mTBI recover spontaneously within 7-
14 days of injury, the other half require additional support to
facilitate recovery (5-9). Unresolved symptoms experienced by
some people with mTBI may reduce performance at work or
prevent a return to work, with some people never fully return-
ing to work at pre-mTBI levels (10-12).

In mTBI healthcare pathways, a person can first present to
a range of healthcare services and professions such as general
practitioners (family practitioners), emergency departments
(ED), and physiotherapists (13). Given symptoms and impacts
of mTBI can vary widely, multiple health professionals may
provide follow-up care to support a person’s recovery in
response to their individual needs, including allied health
professionals (health professionals who are not part of the
medical, dental, or nursing professions) (3). Some countries
(e.g., NZ, Australia, United Kingdom, United States of

America, Canada) have established multidisciplinary concus-
sion clinics (rehabilitation services) and sport-specific concus-
sion clinics to meet the multifaceted needs of people with
mTBI (14-17). The sequence of health professionals seen by
a person with mTBI in their healthcare pathway form an mTBI
treatment provider sequence. Primarily, the treatment provi-
der sequences a patient experiences depends on the patient and
the injury need. For example, a patient with a cervicogenic
predominant symptom cluster may be referred to an osteo-
path, while a patient who is showing signs of a more severe
injury may be referred to a radiologist. Likewise, patients with
multiple symptom clusters affected may be referred to
a multidisciplinary concussion clinic. Secondary factors that
affect the treatment provider sequence may include residential
location (urban vs rural) and hence provider accessibility,
physician collaborating networks (practitioner preference),
patient provider preference, and practitioner mTBI treatment
knowledge and confidence. It was unknown how many treat-
ment provider sequences existed following mTBI, which were
the most common, and how sequences compared in healthcare
pathway outcomes such as cost and time to pathway exit.
mTBI healthcare pathway characteristics and outcomes infor-
mation are critical to understand how people move through
the healthcare system to enable the exploration of possible
inefficiencies.
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Globally, follow-up care after initial mTBI appointment
is uncommon, despite suggestions that continued care is
required (1). Only 36% of the patients received follow-up
care in a national NZ study of 55,000 people with mTBI
(13). Follow-up proportions for people with mTBI have
been reported as low as 13.2% in countries across Europe
and in the US (18-20). Additionally, early access to care,
correct diagnosis, and early follow-up have been linked to
improved self-perceived mTBI recovery (6,21-24).
However, little research has explored potential cost impli-
cations of providing early access to healthcare and effec-
tiveness of initial diagnosis.

In NZ, treatment costs following mTBI are covered by
the Accident Compensation Corporation (ACC), a tax-
payer funded, no-fault national injury insurance scheme.
Compensated services include approved medical treat-
ment, income replacement, social and vocational rehabili-
tation, and ancillary services (equipment, transportation,
and accommodation) as part of the person’s healthcare
pathway (25). Other countries have different health care
systems and funders. However, a key question for all
mTBI providers is ‘how can we provide best value care?’
The NZ system provides a context to explore character-
istics of pathways of relevance to other countries without
additional complicating factors such as litigation and
cause of injury influencing ACC data. ACC’s database
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stores demographics, injury details, treatment providers,
and services given (including costs), which enable national
level mTBI healthcare pathway analysis.

Analytically, a treatment provider sequence is pro-
duced by connecting providers (entities) through multi-
ple referrals (relationships; hops). This type of analytical
problem (path identification) is difficult to analyse using
traditional relational databases because they require
multi-table joins that become computationally expensive.
Queries that require more than a few hops between
entities can even become impossible to compute.
Additionally, the tabular format of relational databases
limits the visualization of paths and complex relation-
ships found in healthcare data. In contrast, graph data-
bases are built to model and analyse relationships within
the data (26). Data are stored, visualized, and analysed as
a network of nodes (entities), connected by edges (rela-
tionships) (Figure 1). This reflects the real-world con-
nected nature of data, making it easy to understand and
results in superior computational performance for tasks
that involve multi-table joins, pattern matching, and
path identification (27). Therefore, a graph database of
ACC data was created and used to identify treatment
provider sequences for people with mTBI and key char-
acteristics and outcomes of their healthcare pathways
were compared.
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Figure 1. Example of a treatment provider sequence and related data for a person with a mTBI claim, stored and visualized in a graph database (TigerGraph).



1296 R. BASTOS GOTTGTROY ET AL.

Methods
Ethical approval

This project was approved by the ACC Ethics Committee
(#426) and the Auckland University of Technology Ethics
Committee (AUTEC #20/21). As the study utilized routinely
collected, de-identified data for purposes of service improve-
ment, no patient consent was obtained.

ACC data

In NZ, a mTBI can only be diagnosed by a medical profes-
sional. The diagnosis is based on the clinical decision of the
medic, which may include a variety of diagnostic tests and
considers the Glasgow Coma Scale (mTBI = 13-15) and Post-
Traumatic Amnesia for TBI severity. Once the diagnosis is
made, an ACC claim is created and injury diagnostic codes
(readcodes or ICD 10 codes) are applied during the appoint-
ment by the medical professional or after the appointment by
clinic administrative staff based on the diagnosis of the doctor.
The claim is then submitted to ACC for processing. Given the
claim is accepted, providers invoice ACC for compensated
continued care of the patient. Information relating to this
process is captured in ACC’s database. ACC data stored in
three datasets (claims; payments; purchase orders) include
patient demographics, their injury (mechanism of injury,
injury location, and diagnoses), services provided (including
cost), service providers, referrals made, and key ACC claim
and referral processing dates. ACC does not collect or store
injury severity and clinical outcome variables and are therefore
not included in this study. Cross-Industry Process for Data
Mining (CRISP-DM) methodology (28) was applied to ACC
data to understand and prepare data for reliable healthcare
pathway analyses (13).

Part 1:Total cost of mTBI claims and key population and
pathway characteristics

Inclusion criterion

mTBI diagnostic codes (ICD10 codes and readcodes) were
used for the operational definition of mTBI. Accepted ACC
claims of all ages that had at least one mTBI diagnostic code,
with a NZ residential or occupational address, occurring
between September 1% 2016 and September 1% 2018, were
included. Corresponding payment and purchase order data
for claims were extracted until September 1% 2020 (13).
Claims were excluded if a moderate or severe TBI code was
also listed. The eligible dataset for the total cost of mTBI claims
and key population and pathway characteristics contained
55,494 unique claims (Figure 2).

Data preparation and analyzes

Key population characteristics from the claims dataset were
analysed including sex, age, mechanism of injury, ethnicity,
and employment status. The pathway characteristics of interest
(number of appointments, time to access care, and number of
missed diagnoses) were calculated for all 55,494 claims using
the claims and payments dataset. If the medical provider
missed the mTBI diagnosis at the initial appointment, the

claim would not have a mTBI diagnostic code prior to being
registered by ACC. Therefore, an incorrect diagnosis at initial
appointment was identified when an mTBI code was added to
a claim after the claim registration date. The number of first
appointments, where the claim only contained one appoint-
ment, was calculated per provider type to understand which
provider types are most likely to see patients without contin-
ued care (only 1 appointment). To reflect the real-world clin-
ical scenario, this study contains people with mTBI that have
comorbid injuries (the claim contained additional diagnostic
codes not in the mTBI operational definition used). To con-
textualize the results, the number of claims with comorbid
injuries was calculated. Comorbid injury severity ranged
from contusions to fractures. Lastly, time from injury to path-
way exit (days from injury date to the last service date) was
calculated for all claims.

Claim costs were calculated based on amounts charged to
ACC per service. Specific costs per appointment were not
available for services provided by Emergency Departments
because ACC is bulk billed by governing District Health
Boards for these services. However, to enable costs of these
services to be included, the median cost of available Emergency
Department services at USD$155 (NZD$222) was used.
Services were labeled with a service type (treatment, treatment
administration, treatment provider travel, patient travel,
income maintenance, lump sum, and other) based on service
item descriptions. Total cost and total service type costs for the
55,494 claims were calculated. The 2016 NZD to USD average
exchange rate of 0.6972 was used for cost comparisons with
literature.

Part 2:Treatment provider sequences and healthcare
outcome comparisons

Inclusion criterion

For healthcare pathway outcome analyses, claims were
excluded if there was only one appointment (63% of all claims)
(Figure 2). Current mTBI recovery timeframes show that 50%
of people recover within 1 to 2 weeks of the injury (5-9).
Therefore, due to recovery, it is likely that a proportion of
claims only had one appointment because there was no need
for continued care. However, 50% of the people also take more
than 2 weeks to recover, and low mTBI follow-up rates after
initial medical presentation are reported worldwide (18-20).
For example, 48% of the patients in the TRACK-TBI study did
not have a follow-up after the initial emergency department
visit, despite having concussion symptoms at 3 months post
injury (19). The authors of the study discussed the lack of care
coordination and poor clinician knowledge of mTBI as possi-
ble culprits for low follow-up rates. In NZ, the lack of care
coordination is apparent (29) and primary care clinicians have
low confidence in the management of mTBI (30). Therefore,
while claims with only one appointment may result from good
mTBI care and full recovery, it is also possible that
a proportion of the claims in this study only had one appoint-
ment because of a lack of follow-up by treatment providers,
despite incomplete recovery. Hence, with no clinical outcome
data that could have provided pathway exit motive, claims with
only one appointment were excluded from pathway analyses
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Excluded claims (n = 35,708):

e Less than 2 medical
appointments in the
pathway (n=35,085)

e Unknown pathway exit

A

19,786 claims in
healthcare pathway
outcome analysis
(All Pathways)

A

(less than 90 days between
last payment and end of
study period) (n=609)

e Lump sum pay-out for
Permanent impairment
(n=14)

- Part 3

Excluded claims (n =11,980):

v

7,806 claims in
healthcare pathway
outcome sub-analysis
(>90 Days Pathways)

e 90 days or less from injury
to pathway exit

A 4

Figure 2. Flow chart of eligible claims, number of claims excluded by exclusion criteria, and number of claims used for pathway analysis (All Pathways). A sub-analysis
was performed on claims with more than 90 days from injury to pathway exit (>90 Days Pathways).

due to a large uncertainty of recovery at pathway exit. Claims
were excluded if pathway exit was unknown (less than 90 days
between last service received and study period end) to ensure
that complete pathways were captured. Claims were excluded
if a person with mTBI received a lump sum (compensation for
serious permanent impairments), which indicated the claims
contained a very severe comorbid disabling injury that would
have skewed pathway outcomes. Lump sum payments would
not be made in cases of mTBI recovery observed over many
years. The eligible dataset for healthcare pathway analyzes
contained 19,786 unique claims (36% of all claims) (Figure 2).

Graph analyses

Graph design using TigerGraph (version 3.1.6) produced
graphs to represent ACC data and patient journeys from
claim, payment, and purchase order files. Graphs were queried
using Graph Structured Query Language (GSQL) to find pro-
vider sequences of each claim. If a person with mTBI received
a treatment from a provider more than once, only the first
provider occurrence was kept. Analyses were conducted for all
claims (All Pathways) and a sub-cohort of claims taking over
90 days to pathway exit (>90 Day Pathways) (Figure 2) to

capture people with prolonged persisting concussion symp-
toms. Outputs were saved as csv files for statistical analyses.

Statistical analyses
Healthcare pathway outcomes used to compare provider
sequences for All Pathways and > 90 Days Pathways were the
total cost of claim (sum of all service item costs to ACC on
a claim) and days from injury to pathway exit (days from injury
date to the last service date). To understand and contextualize
pathway outcome results, six pathway characteristics were derived
and analysed for each provider sequence: percentage of claims
requiring return-to-work (RTW) services (income maintenance,
vocational services, or occupational services); percentage of claims
with comorbid injuries; number of appointments (days where
a treatment service was delivered); appointment density (appoint-
ment numbers divided by days to pathway exit); cost per number
of appointments (total claim cost divided by appointment num-
bers); and days to last provider (days from injury date to date of
first treatment with last provider).

Statistical analyses were conducted in Python (version
3.9.2). Characteristics and outcomes for ten most common
provider sequences of All Pathways and > 90 Day Pathways
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were plotted on box plots to illustrate data distributions. Data
were non-normally distributed and provider sequences had
different data distributions. Therefore, Glass rank biserial cor-
relation, a non-parametric effect size (ES) measure, was used to
show the magnitude of differences in outcomes between pro-
vider sequences for All Pathways and >90 Day Pathways
(31,32). Small, medium, and large effect sizes were interpreted
as 0.1-0.29, 0.3-0.49, and 0.5-1.0, respectively, in both positive
and negative directions (33). Heat maps were created to illus-
trate effect size results. When the data in the treatment provi-
der sequence of the x-axis is greater than in the y-axis, the
coefficient is positive. When the data in the treatment provider
sequence of the y-axis is greater than in the x-axis, the coeffi-
cient is negative. Medians are presented for comprehension,
and means are reported for comparison with literature.

Part 3:Effect of key pathway characteristics on healthcare
outcomes

Data preparation and statistical analyzes
The All Pathway cohort (Figure 2) was used to evaluate the
impact of correct diagnosis at initial appointment, early access
to care, and early continued care on time to exit pathway, and
total claim cost. Glass rank biserial correlation was again used as
a non-parametric effect size measure to show the magnitude of
differences in key pathway characteristics between dichotomous
groups of each category: claims with correct mTBI diagnosis vs
incorrect diagnosis at initial appointment (TBI code added to
claim on vs after date of first appointment); first medical appoint-
ment within vs more than three days of injury; and second
medical appointment within vs more than ten days of injury.
While literature has stated that ‘early’ access to care is
important, no studies have provided a timeframe (14,34).
However, it has been shown that each additional day to first
appointment increases the average recovery time by 2% (6).
For subsequent care, a follow-up appointment within one to
two weeks of the injury has been recommended to assess
concussion symptom improvement (35). Therefore, based on
clinical and healthcare pathway pragmatics, a first medical
appointment within three days of injury (70™ percentile)
and second appointment within ten days of injury (57" per-
centile) were used as cutoffs. Access to medical care within
three days of an mTBI allows clinicians to assess whether the
person requires hospital evaluation promptly and mitigates the
effect of subsequent delays in healthcare pathways (e.g. provi-
der availability or referral processing delays) that prevent early
access to specialty care. Similarly, access to a second appoint-
ment within ten days of injury allows providers to assess
whether the person requires specialty care and initiate an
early referral, enabling specialty care to be provided in
a timely manner (two to three weeks from initial injury).

Results

Part 1: Total cost of mTBI claims and key population and
pathway characteristics

Descriptive analysis of the dataset has been reported (13). Of
all 55,494 mTBI claims, males had 59% of claims, 41% were for

people aged 15-34, 49% were fall-related accidents, 65% were
of European ethnicity, and 17% were NZ Indigenous popula-
tion (Maori), with 39% employed or self-employed pre-injury.
Of all people with mTBI, 64% (35,085) received only one
appointment, 94% (51,112) had correct diagnosis at initial
medical presentation, and 88% (48,862) took within one
week to access care after an mTBI. The two provider types
that had the highest number and percentage of initial appoint-
ments that did not result in continued care were GPs (61%)
and EDs (67%). Of all claims, 30,066 claims (54%) had
a comorbid injury. The median time from injury to pathway
exit for all 55,494 claims was 4 days (mean, 55; IQR, 1-25) and
49 days (mean, 142; IQR, 12-185) for claims with more than
one appointment.

The 55,494 accepted claims for people with mTBI occur-
ring between September 2016 and September 2018 cost ACC
NZD$134,319,078 (USD$ 93647,261) over four vyears
(September 2016 to September 2020). The median NZD
$222 (USD$155) and average NZD$2,421 (USD$1,688)
total cost per claim had an IQR of NZD$70-$273. The
median total cost per claim without a comorbid injury was
NZD$151 (USD$105; IQR, NZD$56-$222), and the median
total cost per claim with a comorbid injury was NZD$222
(USD$155; IQR, NZD$95-$473). Income maintenance con-
tributed 52% of the total cost (NZD$68,255,662, USD
$47,587,848) followed by treatments (38%, NZD
$50,766,952, USD$35,394,719), treatment provider travel
(3%, NZD$4,394,212, USD$3,063,645), treatment adminis-
tration (3%, NZD$4,328,638, USD$3,017,926), patient travel
(2%, NZD$2,644,010, USD$1,843,404), other (2%, NZD
$3,545,382, USD$2,471,840), and lump sum (<1%, NZD
$384,222, USD$267,880).

Part 2:Treatment provider sequences and healthcare
outcome comparisons

Return-to-work services and types of treatment providers
and provider sequences in healthcare pathways

Of 19,786 claims in All Pathways (36% of all claims), 3,927
(20%) claims received return-to-work (RTW) services, and of
these, 2,203 claims (56%) received income maintenance but
did not receive occupational or vocational services. The 3,891
(20%) claims that included income maintenance had a mean
and median time of 100 (SD, 147) and 49 (IQR, 13-124) days
on income maintenance, respectively.

There were 89 different treatment providers that resulted in
3,334 unique provider sequences, with 25% being General
Practitioners only (GP), 13% ED-GP (Emergency
Department to GPs), and 5% GP-CS (GPs to Concussion
Service). More people with GP-CS (21%) and ED-GP-CS
(34%) sequences required return-to-work (RTW) services
with less than 10% of people requiring RTW services in all
other provider sequences (Table 1).

Of All Pathway claims, 36% (7,086) were >90 Days
Pathways. In this sub-cohort, there were 2,973 unique provider
sequences (8% GP-CS, 7% GP-only and 3% ED-GP) and one-
third of the claims (2,586) received RTW services. Provider
sequences with the highest percentage of people who required
RTW services contained CS (Table 1).
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Figure 3. Heat map showing the Glass rank-biserial correlation coefficient as a measure of effect size between the top 10 treatment provider sequences in All Pathways
(all claims) and in > 90 Days Pathways (for claims with more than 90 days from injury to pathway exit) for total cost of claim and days from injury to pathway exit.

Cost of healthcare pathways by provider sequence

The GP provider sequence was the least costly sequence in both
All Pathways and >90 Days Pathways, with a median total claim
cost of NZD$133 and NZD$134 (both USD$93), respectively
(Table 1, Figure 3). In All Pathways, the difference in the total
cost between the GP provider sequence and all other pathways
was large, except for GP to Osteopath (ES=-0.23), GP to
Physiotherapist (-0.37), and GP to Radiologist (-0.42). In >90
Days Pathways, the GP provider sequence exhibited larger total
cost differences to other provider sequences than in All
Pathways. In >90 Days Pathways, the GP to Chiropractor (med-
ian, NZD$263; ES = —0.46) and GP to Osteopath (median, NZD
$246; ES = —0.45) were more expensive with a medium differ-
ence, while a large difference existed for all other provider
sequences with the GP provider sequence (Figure 3). The GP
provider sequence had the second lowest number of appoint-
ments in both All Pathways (median, 2) and >90 Days Pathways
(median, 3), and the third and fourth cheapest cost per appoint-
ment in All Pathways (median, NZD$51, USD$36) and >90
Days pathways (median, NZD$46, USD$32) (Table 1).

Time to exit pathway by provider sequence
Provider sequences with CS had the longest days from injury
to pathway exit (GP-CS, 106 days; ED-GP-CS, 108 days; ED-

CS; 76 days). The largest difference was between ED-GP-CS
and ED-GP (ES = -0.84), with ED-GP having the shortest days
to pathway exit (10 days) (Table 1, Figure 3). Provider
sequences with CS had the longest time from injury to last
provider and therefore the lowest appointment densities
(Table 1). Conversely, days to last provider and appointment
densities for >90 Days Pathways provider sequences with CS
were similar to all other provider sequences. Provider
sequences with CS exhibited fewer days from injury to path-
way exit compared to all other provider sequences, with the
ED-GP-CS sequence having the lowest median (147) days to
pathway exit (Table 1). Effect sizes for this comparison were
small to medium, with medium effect sizes observed for ED-
GP and GP provider sequences (Figure 3).

Part 3:Effect of pathway characteristics on healthcare
pathway outcomes

Early access to care (first appointment within three days of
injury) was cheaper (median, NZD$388) and resulted in
shorter pathways (median, 35 days) compared to access to
care after three days of injury (median, NZD$627; median,
99 days). However, these differences were negligible (ES =
0.04) to small (ES=-0.28) (Table 2). A second appointment
within ten days of injury was also preferable in total cost
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Table 2. Evaluation of early access to care (first appointment within three days), correct diagnosis at initial appointment, and second appointment within ten days of
injury versus their counterparts on pathway outcomes (total claim cost and days from injury to pathway exit).

Number of Number of Median Median
Pathway characteristics Outcome variable claims (x) claims (y) (x) IQR (x) (y) 1QR (y) Effect Size
First appointment within 3 days of  Total cost 14,793 4,993 $388 $227- $627 $177- —-0.04
injury (x) $2,109 $2,867 (Negligible)
' Days from injury to 35 9-158 29 31-241  —0.28 (Small)
over 3 days (y) pathway exit
Correct diagnosis at initial Total cost 17,281 2,505 $354 $189- $3,295 $717-  —0.50 (Large)
appointment (x) $1,623 $12,089
Vs Days from injury to 39 11-156 165 58-365 -0.38
incorrect diagnosis at initial pathway exit (Medium)
appointment (y)
Second appointment within Total cost 11,673 8,113 $377 $211- $507 $227- —0.04
10 days (x) $2,147 $2,493 (Negligible)
Vs Days from injury to 24 7-136 93 31-243 —-0.38
over 10 days (y) pathway exit (Medium)

Mdn = Median; IQR = InterQuartile Range. An incorrect diagnosis at initial appointment was defined as a TBI code being added to the claim after claim registration. The
number of claims in each group, median, and interquartile ranges are reported. Glass rank biserial correlation was used as an effect size measure to show the
magnitude of the difference in outcomes. Small, medium, and large effect sizes were interpreted as 0.1-0.29, 0.3-0.49, and 0.5-1.0, respectively in both positive and
negative directions. When the data in the second group (y) is greater than in the first group (x), the coefficient is negative.

(median, NZD$377) and days to pathway exit (median, 24
days) compared to a second appointment over ten days of
injury (median, NZD$507; median, 93 days). The difference
in total cost was negligible (ES = —0.04), but the difference in
days from injury to pathway exit was medium (ES = -0.38)
(Table 2). Lastly, claims with a correct diagnosis at initial
appointment were also cheaper (median, NZD$354) and
resulted in shorter pathways (median, 39 days) compared to
claims with late diagnosis (median, NZD$3,295; median, 195).
These differences were large for total cost (ES=-0.50) and
medium for days from injury to pathway exit (ES=-0.38)
(Table 2). (Table 2). Of All Pathways, 46% (9,040) of claims
exhibited early access to care and correct diagnosis
characteristics.

Box plots illustrating data distributions and full descriptive
statistics of the total claim cost, days to pathway exit, number
of appointments, appointment density, days to last provider,
and cost per appointment by provider sequences for All
Pathways and > 90 Days Pathways are reported in supplemen-
tary figures and tables.

Discussion

New Zealand’s tax-payer funded injury insurance scheme
(ACC) means that ACC data analyses enable a full picture of
mTBI healthcare pathways, which is not possible in other
countries due to their accident and health fundings structures.
New Zealand’s mTBI findings reported in this study serve as
a lens into mTBI patients’ journeys and, therefore, potential
care applications around the world. The most common health-
care pathway entry points were GPs and EDs. This analysis
provided evidence that improving the efficiency of healthcare
pathways (including correct mTBI diagnosis at initial appoint-
ment, access to care within three days of injury, and a follow-
up appointment within ten days of injury) may reduce finan-
cial costs and time to exit pathway following an mTBI. Income
maintenance was identified as the greatest contributor to total
mTBI costs; therefore, interventions to reduce this cost are
recommended.

Types of treatment providers and provider sequences in
mTBlI healthcare pathways

For claims with more than one appointment, the three most
common provider sequences were GP only, then ED-GP and
GP-CS. Nine of the 10 most common provider sequences
started with GP or ED. This finding highlighted where effi-
ciencies in provider diagnosis and referral for follow-up should
primarily be targeted. The wide range of professions and
services included within mTBI healthcare pathways indicate
that it is unlikely that one single provider sequence for all
people with mTBI is most efficient. A key challenge in making
comparisons between provider sequences is that some people
likely had higher symptom burdens and injury impacts than
others. For example, those who present to the GP may have
less severe symptoms than those who present to the ED or who
are referred to concussion services. The low cost and short
time to pathway exit of provider sequences with GP only or GP
to an allied health professional indicate that these may be the
most appropriate provider sequences for people with less
severe impact of an mTBI.

mTBI management guidelines recommend multidisciplin-
ary concussion clinics as the preferred management for com-
plex mTBIs, persistent concussion symptoms, and people who
require additional support (14,34). This was highlighted in CS
provider sequences and in the >90 Days Pathways cohort,
where a higher proportion of claims required RTW services,
indicative of higher impact of injury on daily functioning.
Therefore, people with mTBI who required multidisciplinary
care from concussion services and vocational rehabilitation
had higher costs (also influenced by their high cost per
appointment) but are likely relative to the person’s need and
must be interpreted cautiously. In >90 Days Pathways, there
were a higher proportion of provider sequences with CS. These
provider sequences had the highest number of appointments
per days in pathways (appointment density) and shortest days
to exit pathways. Therefore, this study has indicated that
people with mTBI who required long-term care may have
been better supported by provider sequences with CS. Whilst
GP pathways were cheapest, this does not necessarily mean
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that GP pathways are most clinically effective for every person
with an mTBIL. Noteworthy, 44% of All Pathways claims had
‘other’ treatment provider sequences, a proportion which was
far higher (72%) for >90 Days Pathways. This finding indicates
that people that took longer to recover were more likely to
have received inconsistent and more fragmented care, suggest-
ing the importance of structured pathways of care for people
with mTBL

To reduce time to access care, the sports concussion service
treatment provider reported in this study was established as
a self-referral service. Interestingly, a GP was still the most
common initial treatment provider for provider sequences
containing a sports concussion service. This finding is likely
because the public is accustomed to a GP or an ED being their
first point of contact with the healthcare system. It is therefore
important to consider historical and current healthcare system
processes when designing interventions to improve mTBI
healthcare pathways, such as implementing new services or
changing mTBI healthcare policies.

Cost of mTBI claims

The high total cost of all 55,494 mTBI claims highlighted that
impacts of mild TBI were considerable. The average NZD
$2,421 (USD$1,688) cost per claim in our NZ study was less
than the USD$4,123 total first year costs per person reported
in an earlier study of population-based study of first year and
lifetime costs of TBI in NZ (3). The difference in costs per
claim likely reflect that our analysis did not include personal
costs to people with mTBI such as supplementing treatment
costs or loss of income (ACC provides a maximum of 80% of
pre-injury income).

Only a third of people with mTBI were eligible for RTW
services (i.e., were employed or self-employed prior to the
injury), yet income maintenance formed half of the total
costs. As a result, low costs of GP-only, GP to Osteopaths,
and GP to Physiotherapists pathways were influenced by the
small proportion of claims that received RTW services, the
low number of appointments, and cheapest cost per
appointment of these pathways. Half of those who received
income maintenance did not receive occupational or voca-
tional services. However, the average duration of time
a person received income maintenance for was substantial
(100 days). Therefore, providing occupational and vocational
services early to people with mTBI to facilitate RTW will
likely reduce the total costs of mTBI claims in the longer
term.

A large variation in total cost existed for claims with comor-
bid injuries, which likely reflects the range in severity of
comorbidity. However, comorbid injuries did not appear to
affect differences in the total cost of claims and days from
injury to pathway exit observed between treatment provider
sequences.

Key pathway characteristics for improved outcomes

Previous research has shown that early access to care, correct
diagnosis, and early follow-up were linked to reduced symp-
tom burden and quicker recovery (21-24). Our study has

augmented previous evidence by showing that correct TBI
diagnosis at initial appointment may result in shorter times
to exit pathway and cheaper total mTBI rehabilitation cost,
and a second appointment within ten days of injury may result
in shorter times to exit pathway. These trends were also
apparent for access to care within three days of injury, but
with smaller magnitude. However, our analysis revealed that
thousands of people each year did not experience mTBI treat-
ment pathways with these characteristics. Therefore, interven-
tions designed to increase public awareness of benefits of early
mTBI care and increased accessibility of services may improve
early access to care.

It is reccommended that training of treatment providers who
are the first point of contact for people following mTBI is
provided, so they know how to diagnose and refer people for
medical review and care. Tools designed to make referral
processes easier such as the Brain Injury Screening Tool
(BIST), (36) which has been trialed successfully in NZ, may
facilitate suitability of referral to different mTBI pathways
based on the person’s need while healthcare system integration
can improve the efficiency of care, consequently improving
mTBI recovery and reducing health care costs.

Another consideration is that delays in processing claims
for those accessing CS may have contributed to the long time
taken to receive care from specialist concussion services. At the
time, data were collected in NZ; all referrals to a concussion
service required pre-approval from ACC before treatment
could be provided. The median referral processing and
approval time by ACC was one month, delaying access to
care (13). Evaluation of, and interventions to reduce time to
concussion clinics and specialty care, are needed to improve
outcomes for people with mTBI.

Delimitations

ACC’s treatment provider data collection and storage proce-
dure meant that GPs providing initial care at an Accident and
Medical clinic (urgent care clinic) were not distinguishable
from initial GP care at a family medical clinic. Therefore,
Accident and Medical clinics were not captured as
a treatment provider in this study. The differences in the
patient-provider relationship and scope of practice of a GP in
these two contexts may have impacted the likelihood of follow-
up care in GP treatment provider sequences and resulted in
different healthcare pathway outcomes. Diagnostic codes were
used as the operational definition of mTBI, based on the
clinical decision of a medical practitioner. However, it is
acknowledged that errors in diagnostic codes may exist and
clinical assessments of mTBI between medical practitioners
varied. The lack of mTBI impact and symptom burden indi-
cators on initial presentation meant that initial severity could
not be considered. Given that initial symptom burden and
severity of impact have been associated with longer recoveries
(7,37,38), initial mTBI severity could contribute to the GP
provider sequence having the cheapest and shortest pathways.
Lack of outcome data for people with mTBI prevented con-
clusive recommendations of the most cost and clinically effi-
cient provider sequences. Similarly, lack of outcome data
prevented the inclusion of all 55,494 claims for healthcare



pathway analyses due to unknown recovery after only one
appointment. ACC does not collect or store patient outcome
data such as number and severity of symptoms, daily function-
ing measures, self-reported recovery, or clinical discharge due
to recovery. Therefore, as a replacement for time to recovery,
time to pathway exit (cessation of services) was used. However,
while time to pathway exit represented time without full
recovery, it cannot affirmatively represent time to recovery.
People may have left pathways because they recovered from
mTBI. However, pathway exit may also have occurred because
people who decided to stop seeking care, were not advised to
continue seeking care when required, sought care privately, or
because cover for services was terminated by ACC. These
alternatives may have occurred even though recovery may
not have been achieved or people did not receive referral for
follow-up care after their initial assessment. While total cost of
claims and times to pathway exit provided insight into current
provider sequences and their pathways characteristics, they did
not enable conclusive recommendations for the best provider
sequence for care for people with mTBI. There is a need to
integrate indicators of injury impact and symptom burden on
first medical presentation and self-reported recovery or clinical
discharge due to recovery within routine data collection to
assist healthcare providers in further identifying improve-
ments to mTBI healthcare pathways.

Conclusions

From a national analysis of mTBI healthcare pathways, these
results indicated that early and correct diagnosis and early
follow-up are key characteristics of healthcare pathways with
lower time to exit pathway. Early and correct diagnosis also
appeared key to lower costs per mTBI. Nine of the top ten
frequent provider sequences started with a GP or ED.
Therefore, GP and ED training to ensure their ability to iden-
tify mTBI and provide appropriate healthcare pathway referral
is essential. Interventions to reduce income maintenance costs
are recommended to reduce total mTBI costs. Initial mTBI
severity measures and ongoing mTBI outcome measures need
to be collected and made accessible to further identify
improvements to mTBI healthcare pathways.

Key definitions

e Mild traumatic brain injury (mTBI) healthcare pathways:
The patient journey through the healthcare system dur-
ing mTBI assessment, treatment, and recovery.

e Treatment provider sequence: The sequence of health
professionals seen by a person with mTBI in their health-
care pathway.
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