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A population-based study of the direct longitudinal health

care costs of upper extremity trauma in patients aged
18-65 years
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Background: Upper extremity (UE) trauma represents a common reason for emergency department visits, but the longitudinal eco-
nomic burden of this public health issue is unknown. This study assessed the 3-year attributable health care use and expenditure
after UE trauma requiring acute surgical intervention, with specific focus on injuries that affect function of the hand and wrist.

Methods: We conducted an incidence-based, propensity score—matched cohort study (2006—2014) in Ontario, Canada, using linked
administrative health care data to identify case patients and matched control patients. We matched adults with hand, wrist and UE
nerve trauma requiring surgery 1:4 to control patients. We compared total direct health care costs, including 1-year pre-index costs,
between case and control patients using a differences-in-difference methodology. The primary outcome was attributable health care
costs within 3 years of injury.

Results: We matched patients with trauma (n = 26 123) to noninjured patients (n = 104 353). Mean direct health care costs attribut-
able to UE trauma were $9210 (95% confidence interval [CI] 8880 to 9550) within 3 years. Patients with trauma had significantly
more emergency department visits (= 3 visits: 25% v. 12%; p < 0.001), mental health visits (34% v. 28%; p < 0.05) and secondary
surgeries (25% Vv. 5%; p < 0.001). Specific patient populations had significantly greater attributable costs: patients requiring post-
traumatic mental health visits ($11 360 v. $7090; p < 0.001), inpatient surgery ($14 060 v. $5940, p < 0.001) and complex injuries
($13 790 v. $7930; p < 0.001).

Interpretation: Health care expenditure increased more than fivefold in the year after UE trauma surgery and remained greater than
the matched cohort for the subsequent 2 years. Those with more serious injuries and post-injury visits for mental health were associ-
ated with higher costs, requiring further study for this public health issue. The mean 1-year pre-injury and 1-year post-injury total
costs were $1710 and $9350, respectively.

pper extremity (UE) trauma — specifically, hand and

wrist trauma — is a substantial public health issue
representing a common presentation to the emer-

gency department.'” Injuries at different levels in the UE
affect hand and wrist function and include wounds and vascu-
lar, nerve and musculoskeletal injuries. The frequency of these
injuries is increasing secondary to population growth and
aging and associated with rising health care costs for acute and
ongoing care.’ Large volumes of UE trauma have the potential
to create a sizable impact on the health care system. Although
existing data report the health system cost of acute trauma care
for UE,'7¢ little is known about longitudinal health care costs.
Longitudinal cost estimates of UE trauma provide evi-
dence for hospital administrators, policy decision-makers and
researchers assessing novel prevention strategies and care
pathway models. The primary objective of this population-
based study was to determine the attributable long-term
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direct health care costs and utilization after UE trauma that
required acute surgical intervention, with a specific emphasis
on hand, wrist and UE peripheral nerve injuries. We
employed an attributable cost methodology, which provides
the most accurate representation of health care cost.%?

Further, we sought to identify key high-cost populations
for targeted needs assessment and program development and
the impact of patient-specific factors on health care utilization
and cost.

Competing interests: None declared.

This article has been peer reviewed.

Correspondence to: Heather Baltzer, heather.baltzer@uhn.ca
CMAJ Open 2023 January 10. DOI:10.9778/cmajo.20210118

CMAJ OPEN, 11(1)  E13


manshj
Updated


OPEN

Study design and setting

Through a difference-in-difference costing methodology,!®!!
we performed an incidence-based, propensity score—matched
cohort study. We followed the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) report-
ing guideline.” Adult residents of Ontario (age 18-65 yr)
presenting to the emergency department with an isolated UE
trauma (April 2006-March 2014) were eligible for inclusion.

Data sources

Appendix 1, Supplementary Table 1 (available at www.cmajopen.
ca/content/11/1/E13/suppl/DC1) shows the key databases used
for this study. These databases contain claims or records of
nearly all provider information on publicly funded health care
interactions and demographic characteristics of Ontario resi-
dents. These data sets have undergone quality reviews'" and
have been used to estimate costs.?*

Study samples

To the best of our knowledge, there is no algorithm to identify
adult residents with UE trauma from the Discharge Abstract
Database!* or National Ambulatory Care Reporting System. !’
Linkage across databases is performed for each case and con-
trol patient, based on the assigned ICES Key Number. We
took a comprehensive approach to identify patients:* we identi-
fied UE trauma as a primary diagnosis of acute hand, wrist,
forearm or UE peripheral nerve injury using the International
Statistical Classification of Diseases and Related Health Problems,
10th Revision (ICD-10) (Appendix 2, Supplementary Table 2,
available at www.cmajopen.ca/content/11/1/E13/suppl/DC1).
We included index episodes if surgical intervention was
required (see OHIP procedure codes, Appendix 3, Supplemen-
tary Table 3, available at www.cmajopen.ca/content/11/1/E13/
suppl/DC1). We excluded patients who were uninsured, had
missing demographics or polytrauma, or had sustained a pre-
index UE trauma within 4 years. We matched control patients
(Ontario residents aged 18-65 yr) 4:1 to case patients and pro-
vided an estimation of baseline medical costs without UE
trauma when calculating attributable costs.

The matching algorithm incorporated index event (month
and year), sex, age at index (+ 1 yr), mental health and addic-
tion (MHA) utilization 1 year pre-index and the logit of the
propensity score using nearest neighbour matching, with the
allowance of a 0.2 standard deviation caliper width of the logit
of the propensity score.”* We assessed balance between case
and control patients for each variable, with standardized dif-
ferences of less than 0.1 indicating good balance.?*¢ Prob-
abilistic assignment of control index dates (month or year) was
based on the distribution of the index dates in the cases. Pro-
pensity score model variables included predictors of health
care costs or utilization:*” comorbidity,”® income quintile,**3°
residential location®! and marginalization.*

Comorbidity status was based on the adjusted clinical
groups derived from the Johns Hopkins ACG System, Ver-
sion 10.*3* Residency measures included the Local Integrated
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Health Network, Ontario’s regional health authorities*® and
the Rurality Index of Ontario (RIO-2008).°! To assess
inequalities between population groups and geographical
areas, we used the Ontario Marginalization Index.> We used
neighbourhood income quintile as a surrogate measure for
socioeconomic status.””** We identified MHA services utiliza-
tion using a validated algorithm,* which includes acute
admission, emergency department and outpatient visits for
and MHA diagnosis.

Injury-related variables were based on the ICD-10 diagno-
ses. The primary diagnosis defined the injury type: amputa-
tion, burn, crush or mangle, dislocation, fracture, ligamentous
injury, nerve injury, tendon injury, vascular injury, open
wound, other musculoskeletal injury, or unspecified UE
injury. Complex injuries had 2 or more UE ICD-10 diagnoses
(Appendix 2, Supplementary Table 2) in the diagnostic fields.

Outcomes

The primary outcome was health care costs attributable to the
trauma and included only direct medical costs borne by the
Ministry of Health and Long-Term Care (now the Ministry
of Health and Ministry of Long-Term Care). We used a vali-
dated algorithm developed for Ontario population health
administrative data to estimate resource utilization and com-
pute individual-level health care costs over a 3-year period
after the index date.?®*¢ Appendix 4, Supplementary Table 4
(available at www.cmajopen.ca/content/11/1/E13/suppl/DC1)
provides a summary of the service types, weights and unit
costs included in the algorithm. We considered 3 years to be
long term in this population, based on the first author’s
(H.L.B.) surgical experience at a tertiary-level hand program.
We categorized costs as acute care hospital (emergency
department, index admission, rehabilitation and 30-day
readmissions), physician services, medications and laboratory
costs outside of hospitals, continuing residential care and
assistive devices.?””?” We adjusted costs to 2019 Canadian dol-
lars based on the health care component of the Consumer
Price Index (https://www.statcan.gc.ca/). We averaged costs
for each foursome of control patients to represent 1 individ-
ual, accounting for the 4:1 matching. We estimated the attrib-
utable costs after the index trauma using a difference-in-
differences approach. We calculated the differences by
subtracting the costs in the baseline year from the costs in the
first-, second- and third-year health care costs. We then com-
pared the first difference (case patients) with the second dif-
ference (control patients) (Figure 1).!1%!! This calculation was
done at the individual level. Secondary outcomes included
health care utilization after the index date: hospital admis-
sions, emergency department visits, family physician visits,
surgical care and aftercare, and MHA service utilization.

Statistical analysis

We calculated mean attributable costs with 95% confi-
dence intervals (Cls). We calculated Cls assuming a normal
distribution, as all cases (simple to complex) were included.
We calculated means for attributable costs in strata formed
by age, sex, surgery type, injury type and complexity, and
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Figure 1: Schematic representation of the attributable cost calculation. For each isolated case of adult hand and wrist trauma, we identified
4 control patients without hand and wrist trauma, based on matching and propensity score. We estimated pre-index total health care costs and
subtracted them from 1-, 2- and 3-year costs for case (first difference) and control patients (second difference). The control costs were
weighted according to the number of matches per case. We compared the second difference with the first difference to attain the attributable

health care costs arising from isolated hand and wrist trauma among adults.

pre- and post-index MHA utilization for comparison. We
compared attributable costs in strata using independent
sample 7-tests. In these stratified analyses, mean standard-
ized differences (MSDs) greater than 10% indicated mean-
ingful differences.”** We categorized health care utiliza-
tion based on frequency of hospital admissions, same-day
surgery, emergency department, family physician and any
MHA service visits in a similar fashion to previous utiliza-
tion descriptions.*® We compared binary and categorical
utilization data between case and control patients using the
x* test and compared numerical data using 1-way ANOVA.
We calculated annual incidence rates with 95% Cls using
annual Ontario population data’” and expressed them as the
number of index traumas per 10 000 person-years. We per-
formed all analyses using SAS software (SAS version 9.3);
the type I error probability was 0.05.

Ethics approval
Institutional research ethics board approval was granted by
the Health Sciences Research Ethics Board at the University

of Toronto.

Patient and control samples

Matching was successful for 26123 (99.9%) patients with
trauma to noninjured control patients (z = 104 353) with
complete 3-year follow-up for 99.1% of case (n = 25 875)

and control patients (z = 106 388) (Figure 2 and Appendix 5,
Figure 1, available at www.cmajopen.ca/content/11/1/E13/
suppl/DC1). Follow-up was incomplete owing to death in
0.9% of case (n = 248) and control patients (z = 970). After
matching, all standardized differences for the baseline
covariates were 0.1 or less (Table 1). Baseline utilization of
health care was similar between case and control patients,
demonstrated by mean (standard deviation) health care costs
in the year before index date ($1710 [95% CI $1640-$1780]
and $1770 [95% CI $1730-$1820], respectively. The trauma
cohort included 26 141 patients (incidence rate 3.6/10 000
person-years, 95% CI 3.4-3.87): male (64.3%); mean age of
41.8 + 13.62 years.

Patient-level costing

The health care expenditures of case and control patients dif-
fered significantly after the index date. Mean total health care
costs increased more than fivefold, from $1710 in the pre-
index year to $9350 (95% CI $9370-$9510; median: $6930;
interquartile range [IQR] $4840-$9960) 1-year posttrauma and
further to $14 300 (95%CI $14 010-14 590; median: $9160;
IQR $6110-14 580) within 3 years. Mean total health care
expenditures remained stable among control patients from pre-
index ($1770) to 1 year post-index ($1900; 95% CI $1850—
$1950; median: $370; IQR $100-$1160) and within 3 years
($5980; 95% CI $5840-$6120; median: $1530; IQR $520-
$4500). Mean direct health care costs attributable to UE trauma
within 3 years of the event were $9210 (95% CI $8880-$9550)
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Created hand trauma episodes by retrieving NACRS ED records from Apr. 1,
2006, to Mar. 31, 2017,with a hand trauma injury code in the main dx code field

n = 3529 583
—— Selected the first hand trauma episode per patient n = 976 228
Y
n =2 553 355
—— Applied exclusion criteria in sequence n = 5612
* Missing age or sex in RPDB n =233
* RPDB Death Date before index n = 660
¢ Ineligible for OHIP at index date n = 4719
A
n =2 547 743
—— Excluded patients with a NACRS or DAD record in the previous
4 years with a hand trauma injury code in any position n = 155 271
Y
n=2392472
I~ Excluded patients with exclusion ICD-10 injury codes in any
position in the NACRS index record n =120 532
Y
n=2271940
—— Excluded patients with age < 18 yr at NACRS index record or
age > 65 yr at NACRS index record n = 856 720
Y
n=1415220
—— Restricted data set to patients with int_DAD_3mo=1 or
int_SDS_3mo n =1 380 396
n =34 824
Restricted data set to patients with index date between Apr. 1, 2006,
and Mar. 31, 2014 (to obtain 3 yr of costing data) n = 8683
Y
Surgical hand trauma cohort (for matching or costing) will include n =26 141
L Excluded: total control patients n = 104 353
* Cases have 4 matched controls (104 192) n =26 048 (99.71%)
» Cases have 3 matched controls (84) n =28 (0.09%)
» Cases have 2 matched controls (60) n =30 (0.11%)
» Cases have 1 matched control (17) n =17 (0.07%)
* Unmatched cases (0) n =18 (0.07%)
Y

Total control-matched
case patients
n=26123

Figure 2: Flow diagram of inception cohort creation with inclusion and exclusion criteria. Note: DAD = Discharge Abstract Database, ED =
emergency department, ICD-10 = International Statistical Classification of Diseases and Related Health Problems, 10th Revision, NACRS =
National Ambulatory Care Reporting System, OHIP = Ontario Health Insurance Program, RPDB = Registered Persons Database, SDS = same-
day surgery.

E16  CMAJ OPEN, 11(1)



OPEN

Table 1 (part 1 of 2): Surgical hand trauma matched cohort baseline characteristics (index dates between
Apr. 1,2006, and Mar. 31, 2014)
No. (%)* of No. (%)* of
control patients case patients Standardized

Variable n=104353 n=26123 difference p value
Male 67 095 (64.3) 16 799 (64.3) 0 0.973
Mental health utilization in year before index 19 126 (18.3) 4803 (18.4) 0 0.829
Age, yr

Mean + SD 41.83 + 13.62 41.83 + 13.62 0 0.981

Median (IQR) 43 (30-53) 43 (30-53) 0 0.98
Age group, yr

17-19 4700 (4.5) 1176 (4.5) 0 1

20-24 10 876 (10.4) 2720 (10.4) 0

25-29 9648 (9.2) 2419 (9.3) 0

30-34 9263 (8.9) 2321 (8.9) 0

35-39 9611 (9.2) 2408 (9.2) 0

40-44 11 691 (11.2) 2928 (11.2) 0

45-49 12 981 (12.4) 3246 (12.4) 0

50-54 12 571 (12.0) 3145 (12.0) 0

55-59 11 859 (11.4) 2968 (11.4) 0

60-66 11 153 (10.7) 2792 (10.7) 0
Income quintile

1 21537 (20.6) 5316 (20.3) 0.01 0.839

2 20 990 (20.1) 5252 (20.1)

3 21079 (20.2) 5247 (20.1)

4 20 494 (19.6) 5180 (19.8)

5 19 674 (18.9) 4987 (19.1) 0.01

Missing 579 (0.6) 141 (0.5)
ACG group

0-5 88 449 (84.8) 22 064 (84.5) 0.01 0.24

6-9 13 646 (13.1) 3453 (13.2) 0

10+ 2258 (2.2) 606 (2.3) 0.01
LHIN

1 5630 (5.4) 1383 (5.3) 0 0.411

2 10 091 (9.7) 2445 (9.4) 0.01

3 5449 (5.2) 1393 (5.3) 0

4 12 741 (12.2) 3130 (12.0) 0.01

5 5948 (5.7) 1470 (5.6) 0

6 7372 (7.1) 1851 (7.1) 0

7 8992 (8.6) 2168 (8.3) 0.01

8 9488 (9.1) 2453 (9.4) 0.01

9 12 536 (12.0) 3116 (11.9) 0

10 4956 (4.7) 1268 (4.9) 0

11 7605 (7.3) 1975 (7.6) 0.01

12 4041 (3.9) 1042 (4.0) 0.01

13 6836 (6.6) 1773 (6.8) 0.01

14 2630 (2.5) 644 (2.5) 0

99 38 (0) 12 (0) 0
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Table 1 (part 2 of 2): Surgical hand trauma matched cohort baseline characteristics (index dates between
Apr. 1,2006, and Mar. 31, 2014)
No. (%)* of No. (%)* of
control patients case patients Standardized

Variable n=104353 n=26123 difference p value
R102008 group

Major urban 69 160 (66.3) 17 099 (65.5) 0.02 0.033

Missing 1445 (1.4) 396 (1.5) 0.01

Rural 9797 (9.4) 2552 (9.8) 0.01

Urban 23 951 (23.0) 6076 (23.3) 0.01
ONMARG summary score

2.00 7349 (7.0) 1824 (7.0) 0 0.043

3.00 11 991 (11.5) 2945 (11.3) 0.01

4.00 7784 (7.5) 1935 (7.4) 0

5.00 316 (0.3) 82 (0.3) 0

9.00 1265 (1.2) 339 (1.3) 0.01

1.50 1470 (1.4) 404 (1.5) 0.01

2.50 10 968 (10.5) 2675 (10.2) 0.01

3.50 9885 (9.5) 2456 (9.4) 0

4.50 2349 (2.3) 619 (2.4) 0.01

1.25 130 (0.1) 34 (0.1) 0

1.75 4253 (4.1) 1083 (4.1) 0

2.25 9856 (9.4) 2441 (9.3) 0

2.75 12 241 (11.7) 3207 (12.3) 0.02

3.25 10 226 (9.8) 2680 (10.3) 0.02

3.75 8852 (8.5) 2065 (7.9) 0.02

4.25 4387 (4.2) 1080 (4.1) 0

475 1031 (1.0) 254 (1.0) 0
Note: ACG = adjusted clinical groups, IQR = interquartile range, LHIN = Local Health Integration Network, ONMARG = Ontario Marginalization
Index, RIO = Rurality Index of Ontario, SD = standard deviation.
*Unless otherwise specified.

(Table 2). Two-thirds of these costs occurred within 30 days
($6150) of the index trauma and 88% within the first year
($8120); however, health care expenditure remained greater in
years 2 and 3 after trauma than for control patients (Figure 3;
p < 0.001). Health care costs were predominantly attributed to
physician fees (25%), inpatient care (28%) and outpatient costs
(34%) (Table 2).

Resource utilization

Trauma cases had greater resource utilization (T'able 3): more
frequent visits to family physicians (= 5 visits: 39% v. 34%;
p < 0.001) and emergency department (= 3 visits: 25% v. 12%;
p < 0.001). Patients with trauma were more likely to undergo
at least 2 surgeries during follow-up (25% v. 5%; p < 0.001).
At baseline, 18% of case and control patients accessed MHA
services within the year before index. Although both cohorts
demonstrated increased use of MHA services, the number of
patients with trauma using these services increased to 34%
versus 28% for control patients (p < 0.05).
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Stratified analyses of health care data

Age and sex were not associated with increased attributable
costs. Of case patients, 32% required inpatient surgery,
which was associated with significantly greater 3-year attrib-
utable costs than outpatient surgery ($14 060 v. $5940
[MSD 0.29, p < 0.001]). Attributable costs continued to
accrue 3 years after acute inpatient surgery, but not out-
patient surgery (Figure 4A). Access to MHA services before
injury did not lead to significantly greater attributable costs
(89570 v. $8920 [MSD 0.04, p < 0.002]). Yet, patients access-
ing services post-index showed greater health care costs than
patients who did not have significantly greater 3-year attrib-
utable costs ($11 360 v. $7090 [MSD 0.15, p < 0.001]) with
attributable costs continuing to accrue over 3 years (Fig-
ure 4B, Figure 4C).

Attributable costs varied significantly across types of injury
(Table 4), with costs significantly higher than the mean for all
injuries after burns (z = 189), amputations (7 = 1348), crush
injuries (7 = 198) and vascular injuries (7 = 168). Complex



Table 2: Costs attributable to upper extremity injuries within
3 years of the index event (2019 Canadian dollars)

Cost Mean Can$ (95% Cl)

Total attributable costs: 30 d 6150 (6080 to 6220)
8120 (7950 to 8290)
8660 (8420 to 8900)
9210 (8880 to 9550)
3-year attributable costs by health care sector
525 (509 to 541)
2623 (2419 to 2828)
1552 (1516 to 1589)
1612 (1587 to 1639)
2377 (2304 to 2449)
5 (-2 to 13)
45 (=73 to 164)
74 (21 to 128)
4 (—23 t0 32)
8 (5t0 12)

Total attributable costs: 1 yr
Total attributable costs: 2 yr

Total attributable costs: 3 yr

ED costs

Inpatient costs
Outpatient costs*
Outpatient surgery cost
Physician cost
Assistive devices costs
MHA costs

Drugs and laboratory
Long-term care cost

Nonphysician costt

Note: Cl = confidence interval, ED = emergency department, MHA = mental
health and addiction.

*Nonsurgical outpatient costs include the cost of the outpatient clinic visits and
all associated materials (e.g., materials for splinting or casting, wound care) and
imaging for all visits within 3 years.

tNonphysician costs are services provided by allied health care providers or
physician extenders that are included in Ontario Health Insurance Plan costs. These
would include nurse practitioners, physiotherapists and occupational therapists.

OPEN

trauma (z = 2676) resulted in costs nearly twofold for single-
tissue injury ($13 790 v. $7930 [MSD 0.45, p < 0.001]) and
continued to accrue over 3 years after injury (Figure 4D).

In our study, health care expenditure increased more than
fivefold compared with baseline in the first year after sur-
gical UE injuries. Although total health care expenditures
decreased over the subsequent 2 years, they remained
greater than the matched control population. Our findings
showed additional sources of increased costs, such as
increased utilization of primary health care and MHA ser-
vices. Revision surgeries are required in a quarter of
patients. More severe injuries requiring acute admission and
surgery with more complex injury patterns were associated
with higher attributable health care costs that accrued over
the 3-year study period, indicating a potential high-cost
patient population. Patients with UE trauma have a high
need for MHA care, with 18% at baseline, increasing to
34% after surgery. Patients with MHA needs had signifi-
cantly greater attributable health care costs, which contin-
ued to rise over 3 years.

An international review of cost-of-illness after hand and
wrist trauma identified that the median cost per case was
US$8207 (IQR $3858 to $33 939).% Direct health care costs
varied from US$340* to US$25 966, with the greatest cost
associated with complex saw injuries. These findings,
although comparable to our study, are limited to the acute
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Figure 3: Total health care costs and 95% confidence intervals for 1 year

before index date and 1-3 years after index date.
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Table 3: Health care sector utilization in case and control patients within 3 years

Variable

No trauma
n =104 353

Trauma
n=26123

Attributable
health care
utilization

No. of hospital admissions (mean, 95% ClI)
> 1 hospital admissions, %

0.16 (0.156-0.164)

0.4* (0.39-0.41)

0.24 (0.2-0.28)

> 2 hospital admissions, %

No. of ED visits (mean, 95% Cl)
> 3 ED episodes

No. of outpatient surgeries (mean, 95% ClI)
> 1 outpatient surgeries
> 2 outpatient surgeries

No. of family doctor visits (mean, 95% CI)
> 5 family physician visits

> 10 family physician visits

10.21 29.14*
2.94 6.63*

1.03 (1.01-1.05) 2.03* (1.98-2.08)  1.00 (0.98-10.2)
11.98 24.95*

0.27 (0.265-0.275) 115" (1.13-1.17) 0.88 (0.83-1.03)
18.4 75.8*
5.06 24.99*

9.68 (9.59-9.77) 11.63* (11.4-11.8) 1.98 (1.95-2.01)
577 65.47*
34 39.5%

Note: Cl = confidence interval, ED = emergency department.
*p < 0.001.

care period and represent total costs rather than the attribut-
able or direct health cost estimate.?’ Few studies have investi-
gated the attributable longitudinal health care costs after
trauma. One cost study of motorcycle and automobile colli-
sions reported $5825 and Can$2995, respectively, over
2 years,”” which was substantially less than the attributable
health care costs in this UE trauma cohort. One-year attribut-
able costs of hip fractures in Ontario have been reported as
greater than Can$39 000 and aggregate costs of Can$282 mil-
lion.®* However, all hand, wrist and nerve trauma combined
have an incidence of 211/10 000 person-years in Ontario.’
When excluding admission and surgical costs, through extrap-
olation of these per-person costs, the annual cost of all isolated
hand, wrist and nerve trauma could exceed Can$395 million in
the year after injury. Although the patient-level attributable
costs are less than some other types of injury, the large vol-
umes of UE injuries may lead to aggregate costs equal to or
greater than these more costly conditions.

Injury and patient factors associated with increased attrib-
utable costs may represent high-cost patient populations using
disproportionately more resources. More severe or emergent
injuries were associated with higher attributable health care
costs requiring more comprehensive acute care, including
revision surgeries and lengthy follow-up over many years.
These more severe injuries likely represent patients who
require inpatient surgery, thus leading to increased attribut-
able costs over 3 years.

In the general adult population in Canada, 10% report
symptoms consistent with an MHA diagnosis.¥ Our study
found that a substantially larger proportion of patients
accessed MHA services before (18%) and after injury (34%).
These increased needs may relate to extensive posttraumatic
physical and psychological adaptations required of these
patients. The relationship between increased attributable
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costs and post-injury MHA needs requires further investiga-
tion to determine the driver of these costs. Previous studies
have shown that patients with MHA diagnoses may have
increased complications after trauma,*=! which in this popu-
lation would translate to longer rehabilitation and follow-up,
and potentially higher surgical needs.

A better understanding of the high-cost patient populations
who have UE trauma is warranted. The relationship of injury
type to MHA needs requires additional study to identify the
predictors of high costs and enable targeted programs, such as
early MHA intervention. These strategies may help engage-
ment in ongoing care, and reduction in complications and
chronic pain associated with comorbid MHA diagnoses.*!
Further, there is a need to use administrative health care data to
guide population-level preventive guidelines and policies to
reduce the health care burden that UE injuries create. Given the
high incidence of UE trauma, including nonsurgical conditions,
further study of the aggregate costs is necessary to definitively
describe the economic burden of the public health issue.

Limitations

No validated algorithm exists to identify this patient popula-
tion. We applied comprehensive diagnostic inclusion criteria,
potentially leading to the inclusion of patients with nontrau-
matic causes or proximal injuries unrelated to hand and wrist
function. As proximal injuries account for less than 1% of the
entire cohort, it is very unlikely that their inclusion would
influence the findings of this study. Although administrative
data available for health care costing studies capture most of
the publicly funded health care costs,’” unaccounted costs
included patients receiving essential nonphysician treatments
(e.g., physiotherapy) not reimbursed by the public payer sys-
tem. Injured workers under the Workplace Safety Insurance
Board may access their nonacute care outside of OHIP,
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Figure 4: Total attributable health care costs (95% confidence intervals) at 1, 2 and 3 years after hand, wrist and nerve trauma stratified by
(A) inpatient and outpatient status for index surgery, (B) pre-index utilization of mental health and addiction (MHA) services, (C) post-index utili-

zation of MHA and (D) injury complexity.

potentially leading to an underestimate of the long-term costs.
As there is no linkage between the OHIP and Workplace
Safety Insurance Board databases, this discrepancy cannot be
identified. Costs were included until 2014 and may not reflect
changes to hand or wrist injury management. The costs
described in this study included isolated UE injuries requiring
acute surgery and did not include patients with polytrauma,
emergency department procedures and nonsurgical treat-
ment. The large standard deviations show that there is impre-
cision of the cost estimates, which is a challenge of working
with large administrative data sets. We calculated the MSD at
10% as this is generally accepted to represent a meaningful
difference;**?¢ however, it should be noted that even a small

MSD, when accumulated throughout the health care system,
can create a sizable cost burden.

Conclusion

The economic burden of illness arising from UE trauma is
substantial and contributes to ongoing health care system
costs. These patients have increased health care needs after
their acute care, including access to primary care providers
and MHA services. We have identified patient groups that
continue to accrue health care costs after their injury. These
potential ongoing resources require additional study to better
understand the role of targeted programs to reduce health
care costs and improve health care experiences.
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Table 4: Attributable health care costs within 3 years for all injuries and by injury type (2019 Canadian dollars)

Injury type

1yr

2yr

3yr

Burn

Traumatic amputation
Crush

Vascular

Other musculoskeletal injuries*

15 625 (15 39415 854)
12 405 (12 20812 602)
12 004 (11 792—12 215)
11 433 (11 226-11 639)

8753 (8424-9079)

Fracture 8467 (8318-8615)
Wounds 6852 (6656—7047)
Nerve 6416 (6301-6529)
Tendon 6128 (6000-6255)
Dislocation 6128 (6000-6255)
Ligament 4826 (4715-4935)
All injuries 8123 (7951-8294)

15 809 (15 432—16 185)
13 467 (13 210-13 723)
12 875 (12 620—13 128)
10 581 (10 357—10 804)

8714 (8186-9241)
9186 (8962-9409)
7137 (6889-7384)
7032 (6792-7271)
6437 (6255-6619
6437 (6255-6619

17 391 (16 715-18 066)
13 854 (13 540—14 166)
12 947 (12 639-13 254)
14 067 (13 608—14 525)

8707 (7990-9423)
9847 (952610 168)
7675 (7341-8007)
7663 (7319-8006)
6751 (6513-6987)
6751 (6513-6987)

5208 (4805-5609)

)

( )
5393 (5137-5648)
( ) 9213 (8875-9549)

8660 (8418-8902

*Other musculoskeletal injuries included International Statistical Classification of Diseases and Related Health Problems, 10th Revision codes S602
(“contusion of other parts of the wrist and hand”), S697 (“multiple injuries of the wrist and hand”), S699 (“unspecified injury of the wrist and hand”),
T118 (“other specified injuries of upper limb, level unspecified”), T119 (“unspecified injury of upper limb, level unspecified”).
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