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ABSTRACT

Background Approximately one-third of
musculoskeletal injuries are simple stable injuries (SSIs).
Direct discharge (DD) from the emergency department
(ED) of patients with SSls reduces healthcare utilization,
without compromising patient outcome and experience,
when compared with “traditional” care with routine
follow-up. This study aimed to determine the cost-
effectiveness of DD compared with traditional care from
a societal perspective.

Methods Societal costs, including healthcare, work
absenteeism, and travel costs, were calculated for
patients with an SSI, 6 months before (pre-DD cohort)
and after implementation of DD (DD cohort). The pre-DD
cohort was treated according to local protocols. The DD
cohort was treated using orthoses, discharge leaflet,
smartphone application, and telephone helpline, without
scheduling routine follow-up. Effect measures included
generic health-related quality of life (HR-QoL; EuroQol
Five-Dimensional Questionnaire); disease-specific HR-QoL
(functional outcome, different validated questionnaires,
converted to 0-100 scale); treatment satisfaction (Visual
Analog Scale (VAS), 1-10); and pain (VAS, 1-10). All
data were assessed using a 3-month postinjury survey
and electronic patient records. Incremental cost-
effectiveness ratios were calculated and uncertainty was
assessed using bootstrapping techniques.

Results Before DD, 144 of 348 participants completed
the survey versus 153 of 371 patients thereafter. There
were no statistically significant differences between the
pre-DD cohort and the DD cohort for generic HR-Qol
(0.03; 95% CI —0.01 to 0.08), disease-specific HR-QoL
(4.4, 95%Cl —1.1109.9), pain (0.08; 95% CI —0.37

to 0.52) and treatment satisfaction (=0.16; 95% Cl
—0.53 t0 0.21). Total societal costs were lowest in the
DD cohort (—€822; 95% Cl —€1719 to —€67), including
healthcare costs (—€168; 95% Cl —€205 to —€131) and
absenteeism costs (—€645; 95% CI —€1535 to €100).
The probability of DD being cost-effective was 0.98

at a willingness-to-pay of €0 for all effect measures,
remaining high with increasing willingness-to-pay for
generic HR-Qol, disease-specific HR-QoL, and pain,

and decreasing with increasing willingness-to-pay for
treatment satisfaction.

Discussion DD from the ED of patients with SSI
seems cost-effective from a societal perspective. Future
studies should test generalizability in other healthcare
systems and strengthen findings in larger injury-
specific cohorts.

Level of evidence .

INTRODUCTION

In the Netherlands, 659000 of 2 million annual
emergency department (ED) visits concern musculo-
skeletal injuries, such as fractures (43%), soft tissue
injuries (15%), distortions (5%), dislocations (490),
and tendon injuries (3%).! Their economic impact
is substantial. That is, in the Netherlands, total
annual direct healthcare costs and lost productivity
costs after injuries are estimated at €2.4 billion and
€1.4billion, respectively.! Epidemiological studies
show that the incidence of injuries is increasing.?
To illustrate, for example, for extremity fractures
in the Netherlands, in 2004 the total number was
129 188 versus 170673 in 2010 and 260800
in 2019.' 2 A change in healthcare capacity and
resources is warranted in anticipation of a further
increasing demand and to maintain high-quality
trauma care.”

Traditionally, majority of patients with muscu-
loskeletal injuries are reviewed in a fracture clinic
within 1week after initial ED assessment and
at regular fixed periods in the weeks thereafter.
Consequently, these clinics are characterized by the
routine attendance of large numbers of unselected
patients who often have relatively minor injuries
with excellent prognosis and do not require inter-
vention.®*

Recent studies indicate that a large proportion of
musculoskeletal injuries are simple stable injuries
(SSIs) that require reassurance and information,
but not routine review.>* There is growing evidence
that suggests that direct discharge (DD) from the
ED of patients with these SSIs is a safe and effec-
tive alternative to “traditional” care with routine
follow-up, which reduces healthcare utilization (ie,
hospital visits and imaging), without compromising
patient outcome (eg, functional outcome) and expe-
rience (eg, satisfaction with treatment).>*

Although a relatively small number of previous
studies included cost estimations before and after
DD, to our knowledge currently no studies have
been performed regarding the cost-effectiveness.
Therefore, the aim of this study was to determine
whether DD from the ED of patients with SSIs is
cost-effective from a societal perspective compared
with “traditional” care with routine follow-up.

METHODS

Design

This cost-effectiveness analysis (CEA) was based on
data from a prospective non-inferiority trial for 11
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SSIs performed in the OLVG Hospital, a level 2 trauma center
and teaching hospital in Amsterdam, the Netherlands.”

Participants

All consecutive ED patients with an isolated SSI were asked
to participate during a 1-year period (November 15, 2018-
November 15, 2019).> DD was implemented at the midpoint
(May 20, 2019), dividing participants into the pre-DD cohort
and the DD cohort. Exclusion criteria were inability to under-
stand/complete Dutch survey; initial treatment in the ED of a
different hospital; other reasons for follow-up (eg, social care
reasons); eye/motor/verbal score <15 at presentation and high-
energy trauma; treatment continued elsewhere (eg, closer to
home); and alcohol/drug intoxication.?

All patients who were willing to participate provided written
informed consent in the ED and received a 3-month postin-
jury survey containing questions regarding employment status,
education level, health-related quality of life (HR-QoL), func-
tional outcome, satisfaction, pain, primary healthcare use, and
work absenteeism. Furthermore, the electronic patient record
of all participants was evaluated after 1year to assess secondary
healthcare use, including hospital visits, imaging (eg, X-ray, CT
scan, MRI scan) and adverse outcomes.

Treatment

Traditional care

Before DD, all patients with SSI were treated using local proto-
cols. This usually involved application of a cast/splint/bandage
and review in the fracture clinic 1week after injury. Frequently,
one or multiple subsequent visits followed in the weeks there-
after for assessment of functional outcome and/or removal of
cast material.

Direct discharge

The implementation of DD standardized the immobilization
of SSIs to bandage or removable orthoses (table 1). Follow-up
appointments are no longer scheduled routinely. Instead, ED
physicians provide information about the SSI and the expected
recovery, which is also summarized in discharge leaflets. These
leaflets are available on paper as well as digitally by means of
a smartphone application for iOS and Android, which also
contains videos of physical exercises to improve recovery and
videos explaining how to reapply immobilization after removal
(eg, after taking a shower). Patients are instructed to contact our
telephone helpline in case of questions or concerns. The X-rays
of all ED patients, including patients with SSIs, are reviewed
daily by an orthopedic trauma surgeon and a radiologist. If based
on this review an injury is not deemed suitable for DD (eg, the
injury is not an SSI), a face-to-face appointment is scheduled.

Effect measures

Cost-effectiveness was assessed for four outcomes: (1) generic
HR-QoL, (2) disease-specific HR-QoL, (3) satisfaction with
treatment, and (4) pain. Questionnaires used to assess generic
and disease-specific HR-QoL were only available for patients
=>4 years old. Therefore, these outcomes were not assessed for
participants <4 years old.

Generic HQ-QoL was assessed using the EuroQol Five-
Dimensional Questionnaire (EQ-5D). The five-level version
(EQ-5D-5L) was completed by all participants =18 years old
and also by children =12 years old if self-completing the ques-
tionnaire.”® The youth version (EQ-5D-Y) was used for all other
children 4 to 17 years old.?” Proxy versions were used if a parent/

Table 1 Simple and stable injuries, criteria, and immobilization
Immobilization

Injury Pediatric/adult  Criteria after DD

Pediatric clavicle Pediatric » Age<14. Sling

Fx » No indication for

surgical treatment.

Radial head/ Adult » Head: Mason type 1,  Pressure bandage,
neck Fx neck: undisplaced. sling
» Positive fatpad sign.
Greenstick or  Pediatric » Acceptable Removable wrist
torus/buckle- angulation-based brace
type Fx of the residual growth.
distal radius » Torus/buckle type:
isolated ulna Fx,
isolated radius Fx or
both.
» Greenstick type:
isolated ulna Fx or
isolated radius Fx.
Fifth metacarpal Adult » Volar Buddy strap and
neck Fx angulation <70°. pressure bandage
» No rotational
deviation.
Mallet finger ~ Adult » Either bony or Mallet splint
tendinous.
» Treated
conservatively.
Weber A-type  Adult » Dislocation <2mm.  Tubigrip and ankle
ankle Fx » Nosigns of stage2  brace
supination-adduction-
type injury.
Avulsion-type  Adult » Either lateral or Tubigrip and ankle
ankle Fx medial malleolus or  brace
tarsal bones.
Fx of fifth Adult » Fxlocated in either ~ Walker boot
metatarsal base zone 1 or zone 2.
» Dislocation <4mm.
Fx of greater toe Both » Either proximal or Spica pressure
distal phalanx Fx. bandage and
» Undisplaced. bandage shoe
Fx of lesser toe  Both » Any isolated Fx. Buddy strap

» No indication for
surgical treatment.

Pediatric » No Fx based on
radiograph.
» Superficial wound.

Bicycle spoke
injury

Pressure bandage

DD, direct discharge; Fx, fracture.

caregiver completed the survey. The participants’ EQ-5D-5L or
EQ-5D-Y health states were converted to utility values using the
Dutch EQ-5D-5L and EQ-5D-3L value sets, respectively.?® 2
Utility values indicate the preference or desirability of a certain
health state on a scale anchored at 0 (equal to death) to 1 (equal
to optimal health).

Disease-specific HR-QoL was assessed in participants =4
years old using four different validated functional outcome ques-
tionnaires based on age and type of injury (online supplemental
appendix A): (1) shortened version of the Disabilities of the Arm,
Shoulder and Hand (QuickDASH),*® (2) Lower Extremity Func-
tional Scale,?! (3) Short Form of the Patient-Reported Outcomes
Measurement Information System (PROMIS) Upper Extremity,
and (4) Short Form of the PROMIS Mobility.3? 33 To compare
disease-specific HR-QoL for all participants, the individual func-
tional outcome scores were converted to a single scale ranging
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from 0 (worst functional outcome) to 100 (best functional
outcome).**

Satisfaction with treatment was assessed using a Visual Analog
Scale (VAS), ranging from 0 mm (very dissatisfied) to 100 mm
(very satisfied).? Pain was assessed on a VAS from 0 mm (no
pain) to 100 mm (extremely painful). Both scores were converted
from a 0 to 100 scale to a 0 to 10 scale.

Cost measures
Costs were assessed from a societal perspective, including health-
care costs, work absenteeism costs, and travel costs.

Healthcare costs included primary healthcare costs (eg, visits
to the general practitioner (GP) or physiotherapist for follow-up
of SSI) and secondary healthcare costs (eg, ED visits, immobili-
zation materials used, follow-up appointments, no-shows, and
imaging).* Healthcare costs were valued using Dutch standard
costs, and if unavailable, prices from professional organizations
and hospital accounting records (online supplemental appendix
B).

Work absenteeism costs were based on patient absenteeism
and parent absenteeism. Patient absenteeism was estimated using
the number of days patients had to take leave from work after
sustaining their injury, as well as the number of hours patients
had to take leave from work to attend their fracture clinic
appointment(s). Parent absenteeism costs were estimated using
the number of hours parents had to take time off from work to
accompany their child during a hospital visit. For patient absen-
teeism, costs were calculated using the friction cost approach
(FCA) and gender-specific price weights. The FCA assumes that
costs are limited to the friction period, that is, the period needed
to replace a sick worker, which is 12 weeks in the Netherlands.
If applicable, absenteeism costs were therefore truncated at 12
weeks. In case of parent absenteeism, the accompanying parent’s
gender was unknown, and consequently gender-specific price
weights could not be used. Therefore, these costs were calculated
using the average productivity costs rate of all Dutch adults.*

Travel costs per hospital visit were assessed using previously
collected hospital survey data on the type of transport and the
average distance from a patient’s home to the nearest hospital in
the Netherlands and valued using Dutch standard prices (online
supplemental appendix B).3

All costs were converted to Euros 2019 using Dutch consumer
price indices. Discounting of costs was not necessary because
follow-up was not more than 12 months.3=°

The following baseline characteristics were assessed: age,
gender, education level (low/middle/high),** school/work status,
and type of injury.

Statistical analysis

Statistical analysis was performed using SPSS V.27.0 (IBM, NY,
USA) and STATA V.16 (StataCorp, TX, USA).*1#* As children <4
years old did not receive EQ-5D and functional outcome ques-
tionnaires, analyses were performed for two groups separately.
That is, the CEAs for satisfaction with treatment and pain were
based on data of all participants, whereas the CEAs for generic
HR-QoL and disease-specific HR-QoL were based on data of
participants =4 years old only.

Aggregate and disaggregate cost differences were estimated
using linear regression analyses adjusted for patients’ propen-
sity score and work status (yes/no). A propensity score indicates
the probability of a patient being assigned to an intervention
group given a set of baseline characteristics.* In our study, the
propensity score was estimated using cohort (pre-DD cohort/DD

cohort), age, gender, and injury type, using the pscore package
in STATA.

Seemingly unrelated regression (SUR) analyses were performed
to estimate the differences in costs (AC) and effects (AE). Cost
differences were adjusted for propensity score and work status,
whereas effect differences were adjusted for propensity score.
Incremental cost-effectiveness ratios (ICERs) were calculated by
dividing the differences in total societal costs by the differences
in effects (ie, AC/AE). The 95% ClIs around all cost differences
were estimated using bias-corrected and accelerated (BCA) boot-
strapping, with 5000 replications. BCA bootstrapping was also
used to graphically illustrate the uncertainty surrounding the
ICER by plotting bootstrapped incremental cost—effect pairs (CE
pairs) on cost-effectiveness planes (CE planes).*** A summary
measure of the joint uncertainty of costs and effects was
presented using cost-effectiveness acceptability curves (CEACs),
providing an indication of the probability of DD being cost-
effective in comparison with traditional care at different values
of willingness-to-pay (WTP). WTP is defined as the maximum
amount of money decision makers are willing to pay per one
extra unit of effect.* For the differences in costs and effects, a p
value of <0.05 was considered statistically significant.

Sensitivity analyses

Three sensitivity analyses were performed to test the robustness
of the results of our main analyses: (1) applying the healthcare
perspective (SA1), (2) absenteeism costs valued using both age-
specific and gender-specific price weights (SA2), and (3) using an
alternative propensity score, which was estimated using cohort,
age, gender, injury type, and education level (SA3). Both SA2
and SA3 were adjusted for the same covariates as the main anal-
ysis, that is, propensity score and work status, whereas SA1 was
adjusted for propensity score only.

Patient and public involvement
Patients were not involved in the design, intervention, research
question, or outcome measures of the current study.

RESULTS

Before DD, 348 of 676 ED patients with SSIs were willing to
participate (pre-DD cohort) versus 371 of 784 patients there-
after (DD cohort). Of these, 144 and 153 participants completed
the 3-month postinjury survey in the pre-DD cohort and the DD
cohort, respectively (figure 1, table 2). The median age in the
pre-DD cohort was 26 versus 36 in the DD cohort. There were
more employed participants in the DD cohort (47.7%) compared
with the pre-DD cohort (40.3%). There were no missing data.

Effect measures

There were no statistically significant effect differences between
the pre-DD cohort and the DD cohort for generic HR-QoL,
disease-specific HR-QoL, satisfaction with treatment, and pain
(table 3).

Cost measures

On average, total societal costs were €2181 in the pre-DD
cohort versus €1672 in the DD cohort. After adjusting for
propensity score and work status, costs were €822 lower in
the DD cohort compared with the pre-DD cohort (95% CI
—€1719 to €67; table 4). As for the disaggregate cost differ-
ences, there were statistically significant reductions in total
healthcare costs (—€168), secondary healthcare costs (—€152),
parent absenteeism (—€47), and travel costs (—€7) in the DD
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Pre-DD-cohort DD-cohort
Emergency 7 = 7 = Emergency
Deparment Patients with SSI Patients with SSI Department
(n=676) (n=2813)
Excluded
Excluded - Not discharged
- Not willing to P— —>  directly (n=29)

participate (n = 328)

- Not willing to
participate (n = 413)

Table 2 Baseline characteristics

(=

Informed consent

348)

Informed consent

(=

371)

Lost to follow-up
- Did not complete -~
survey (n = 205)

Lost to follow-up
—— - Did not complete
survey (n=218)

Survey Survey

Completed survey
(n=144)

Completed survey
(n=153)

Figure 1  Flow chart depicting the inclusion of patients. In the DD
cohort, patients in the emergency department with SSI were used to
assess implementation. Patients who provided informed consent were
used to assess healthcare utilization, and patients who completed the
survey were used to assess patient-reported outcomes and experiences.
DD, direct discharge; SSI, simple stable injury.

cohort compared with the pre-DD cohort, whereas there were
non-significant reductions in primary healthcare costs (—€16),
total absenteeism costs (—€645), and patient absenteeism costs
(—€598).

Cost-effectiveness

The main analyses for generic HR-QoL indicated that total
societal costs were lower in the DD cohort compared with the
pre-DD cohort (mean —€845; 95% CI —€1781 to —€88). The
ICER was —26 022, indicating that, on average, a one-point
improvement in utility in the DD cohort was associated with
a societal cost saving of €26022 compared with the pre-DD
cohort. Majority of the the CE pairs were located in the south-
east quadrant (87%), indicating that, on average, DD was less
costly while being more effective than traditional care (table 3,
figure 2-1a).*” The CEAC in figure 2-1b indicates that the prob-
ability of DD being cost-effective compared with traditional care
is 0.98 at a WTP of 0€/one-point improvement, increasing to a
maximum of 0.99 for higher values of WTP.

For disease-specific HR-QoL, the ICER was —193, and 88% of
CE pairs were located in the southeast quadrant, indicating that
DD dominated traditional care (ie, less costly and more effec-
tive than traditional care (table 3, figure 2-2a). The probability
of DD being cost-effective was 0.98 at a WTP of 0€/one-point
improvement on the 1 to 100 functional outcome scale, slightly
decreasing to 0.95 at a WTP of €3000 per point improvement
(figure 2-2b).

The ICER for satisfaction with treatment was 5213, suggesting
that, on average, a one-point decrease on the 1 to 10 VAS was
associated with a societal cost saving of €5213 (table 3). Majority
of the CE pairs (74%) were located in the southwest quadrant,
indicating that, on average, DD was less costly and less effec-
tive than traditional care (figure 2-3a). The CEAC indicates that
the probability of DD being cost-effective compared with tradi-
tional care was 0.98 at a WTP of 0€/one-point improvement,

Pre-DD cohort DD cohort

Characteristics (n=144) (n=153) Significance
Age, median (IQR) 26 (11-55) 36 (13-54) 0.370*
Gender, n (%)

Male 76 (52.8) 68 (44.4) 0.151t
Type of injury, n (%) 0.5571

Pediatric clavicle Fx 8 (5.6) 8(5.2)

Radial head/neck Fx 24 (16.7) 28(18.3)

Pediatric Fx distal radius

Greenstick type 15 (10.4) 9 (5.9)
Torus type 21 (14.6) 18(11.8)

Fifth metacarpal neck Fx 6(4.2) 1(0.7)

Mallet finger 6(4.2) 4(2.6)

Weber A-type ankle Fx 11 (7.6) 14(9.2)

Avulsion-type ankle Fx 8 (5.6) 12 (7.8)

Fx of fifth metatarsal base 17 (11.8) 20 (13.1)

Fx of greater toe 10 (6.9) 11(7.2)

Fx of lesser toe 10 (6.9) 18(11.8)

Bicycle spoke injury 8 (5.6) 10 (6.5)
Education level, n (%)# 0.568t

Low 70 (48.6) 60 (39.2)

Middle 23 (16.0) 30 (19.6)

High 51 (35.4) 63 (41.2)
Work/school status, n (%) 0.061t

Going to work 58 (40.3) 73 (47.7)

Going to school 59 (41.0) 44 (28.8)

No work/school 27 (18.8) 36 (23.5)

*Mann-Whitney U test.

ty? test.

tAccording to education level by the Dutch Central Agency for Statistics.*®
DD, direct discharge; Fx, fracture.

decreasing with increasing values of WTP (0.92 at €1000, 0.69
at €3000, and a minimum of 0.23 at €30 000; figure 2-3b).
The ICER for pain was —10 517, and 61% of CE pairs were
located in the southeast quadrant, suggesting that, on average,
DD dominated traditional care (table 3, figure 2-4a). At a WTP
of 0€/one-point improvement on the 1 to 10 VAS, the proba-
bility of DD being cost-effective compared with traditional care
was 0.98 (figure 2-4b). This probability slightly decreased with
increasing values of WTP to 0.91 at a WTP of €3000.

Sensitivity analyses

In accordance with the main analysis, total costs were statistically
significantly lower in the DD cohort compared with the pre-DD
cohort when applying the healthcare perspective (SA1), but the
magnitude of this effect was smaller. When absenteeism costs
were valued using age-specific and gender-specific price weights
(SA2), and when an alternative propensity score was used (SA3),
results regarding costs, effects, ICERs, and CEACs were compa-
rable with those in the main analysis, although differences in
costs were no longer statistically significant.

DISCUSSION

The results of this study suggest that DD from the ED of
patients with SSIs is likely to be cost-effective compared with
“traditional” care with routine follow-up, both from a societal
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Table 3 Differences in costs and effects, incremental cost-effectiveness ratios, and cost-effectiveness planes

Sample size, n

Distribution on CE plane; (%)

Analysis* Pre DD Outcomet AC, €(95%Cl)$ AE, point (95% Cl) ICER, €/point NE SE Sw NW
Main analysis 141 148 Generic HR-QoL —845 (-1781 to —88) 0.03 (-0.01 to 0.08) -26 022 0.07 0.87 0.06 0.00
(0-1)8
141 148 Disease-specific HR-  —852 (1777 to —96) 4.4(-1.1109.9) -193 0.07 0.88 0.05 0.00
QoL (0-100)9
144 153 Treatment satisfaction —821 (=1711 to —75) -0.16 (-0.53 t0 0.21) 5213 0.06 0.19 0.74 0.01
(0-10)
144 153 Pain (0-10) —822 (-1710 to -77) 0.08 (-0.37 t0 0.52) -10517 0.07 0.61 0.32 0.00
SA1: healthcare 141 148 Generic HR-QoL —169 (-206 to —130) 0.03 (-0.01 to 0.08) -5190 0.06 0.88 0.05 0.00
perspective (0-1)8
141 148 Disease-specific HR- =169 (-206 to —130) 44(-1.1109.9) -38 0.06 0.89 0.05 0.00
QoL (0-100)1
144 153 Treatment satisfaction —168 (-206 to —132) -0.16 (-0.53 t0 0.21) 1068 0.06 0.19 0.75 0.00
(0-10)
144 153 Pain (0-10) -168 (-206 to —132) 0.08 (-0.37 t0 0.52) -2153 0.05 0.62 0.33 0.00
SA2: absenteeism 141 148 Generic HR-QoL —721 (-1666 to 6) 0.03 (-0.01 to 0.08) -22203 0.09 0.85 0.06 0.00
costs valued using (0-1)8§
L 148 Disease-specific HR- 729 (~1587 to 36) 44(-111099) -162 009 08 005 000
gender-specific price L (0100
weights QoL (01001
144 153 Treatment satisfaction —700 (-1567 to 33) —0.16 (-0.53 t0 0.21) 4445 0.06 0.19 0.72 0.03
(0-10)
144 153 Pain (0-10) —701 (-1566 to 33) 0.08 (-0.37 to 0.52) —8969 0.09 0.59 0.32 0.00
SA3: propensity 141 148 Generic HR-QoL —758 (-1732 to 53) 0.03 (—0.01 to 0.07) —24 045 0.09 0.84 0.06 0.01
score including (0-1)§
education level 141 148 Disease-specific HR- 762 (~1736 to 46) 3.44 (~2.06 t0 8.93) 22 0.09 0.81 0.09 0.01
QoL (0-100)
144 153 Treatment satisfaction 741 (-1661 to 35) —0.12 (-0.49 t0 0.24) 6065 0.07 0.23 0.67 0.03
(0-10)
144 153 Pain (0-10) —741 (-1664 to 35) 0.07 (-0.37 t0 0.52) —9883 0.08 0.58 0.33 0.01

*Main analysis: SA2 and SA3 were adjusted for propensity score and work status (yes/no), whereas SA1 was adjusted for propensity score only.

tHigher value indicates better outcome.
$All costs are expressed in Euros 2019.33¢
§Assessed in participants >4 years old using the EuroQol Five-Dimensional Questionnaire.26

fAssessed in participants >4 years old using four different validated functional outcome questionnaires,*** all converted to a 0—100 scale for comparison.*

AC, difference in costs; CE plane, cost-effectiveness plane; DD, direct discharge; AE, difference in effects; HR-QoL, health-related quality of life; ICER, incremental cost-effectiveness ratio; NE,
northeast quadrant of the CE plane, indicating that DD is more effective and more costly than standard care; NW, northwest quadrant of the CE plane, indicating that DD is less effective and more
costly than standard care; SA, sensitivity analysis; SE, southeast quadrant of the CE plane, indicating that DD is more effective and less costly than standard care; SW, southwest quadrant of the CE

plane, indicating that DD is less effective and less costly than standard care.

perspective as well as a healthcare perspective, for all four effect
measures. That is, DD dominates traditional care for generic
HR-QoL, disease-specific HR-QoL, and pain; that is, for these
outcomes, on average, DD was less costly and more effective.
For satisfaction with treatment, on average, DD was less costly,

but also less effective compared with traditional care. It is note-
worthy, however, that the mean difference in satisfaction with
treatment was 0.16 on a 0 to 10 scale in favor of the pre-DD
cohort,” which is far from clinically relevant as the minimally
clinical important difference for this outcome is estimated at 0.7.

Table 4 Mean costs and mean cost differences in euro

Costs in €, mean (SEM)

Cost difference in €, mean (95% Cl)*

Cost category Pre-DD cohort (n=144)

DD cohort (n=153)

Unadjusted Adjustedt

Healthcare, total+ 522 (16) 361 (11)
Primary healthcare 67 (10) 53(9)
Secondary healthcare 456 (11) 307 (4)

Absenteeism, total 1648 (348) 1306 (275)
Patient absenteeism# 1591 (350) 1301 (275)
Parent absenteeism§ 57 (10) 5(3)

Travel 11 (0) 5(0)

Total 2181 (353) 1672 (277)

All costs are expressed in Euros 2019.33¢

—162 (-200 to —124)
-14 (-39 t0 13)

—168 (-205 to —131)
-16 (-41t0 11)

—148 (174 t0 -127)
—341 (-1232 to 476)

—-152 (=179 to -132)

—645 (~1535 to 100)

—289 (-1182 to 537)
-52 (-75 to —34)

—598 (-1492 to 148)
—47 (-69 to -31)
-7 (-81t0 -6)
-510 (-1411 to 323)

-7 (-8t0 —6)
—-822 (-1719 to -67)

*Cost differences were calculated using regression models using bias-corrected and accelerated bootstrapping, with 5000 replications.
tCost differences adjusted for propensity score, and additionally absenteeism costs were adjusted for work status (yes/no) as well.
#Including work absenteeism in the days after sustaining the injury (return-to-work), as well as work leave for the purpose of a hospital follow-up visit.

§Work leave of a parent to accompany a child to the hospital follow-up visit.
DD, direct discharge.
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Figure 2 Cost-effectiveness. (a) Cost-effectiveness planes indicating the distribution of incremental cost—effect pairs around its four quadrants
and (b) cost-effectiveness acceptability curves indicating the probability of direct discharge being cost-effective in comparison with standard care for
different values (€) of willingness-to-pay for (1) generic HR-QoL, (2) disease-specific HR-QoL, (3) pain, and (4) treatment satisfaction. HR-QoL, health-

related quality of life.

Furthermore, in both cohorts there were relatively high levels of
satisfaction; for example, the mean satisfaction with treatment in
the DD cohort was 7.95.%

For all outcomes, the CEACs indicate that DD has a high
probability of being cost-effective compared with traditional
care. For generic HR-QoL, disease-specific HR-QoL, and pain,
these probabilities remained the same or only slightly decreased
with increasing values of WTP For satisfaction with treatment,
this probability slightly decreased with reasonable increasing
values of WTPR This decrease in WTP was caused by the fact
that satisfaction with treatment was, on average, lower for DD
compared with traditional care, but as mentioned this difference
was far from clinically relevant.

Although the aim of this study was to assess cost-effectiveness,
our results also suggest that DD is likely to reduce costs across
all included cost categories, that is, absenteeism, primary health-
care, secondary healthcare, and travel costs. Based on previous
studies, we estimate that approximately 85000 annual ED visits
concern SSIs,' *# and based on the results of the current study,
if DD would become the standard of care in the Netherlands,
this could potentially result in a national societal cost saving
of €70 million per year. This includes an annual reduction of
€14 million in direct healthcare costs and €54.8 million lost
productivity costs. Although this is a relatively small proportion
of the total annual societal costs of injuries (€3.8 billion),! it is
also important to consider the additional logistic benefits of DD
that is, in our study on effectiveness of DD, we estimated that
national adoption of DD would prevent approximately 142800
outpatient visit clinics per year.?

Several previous studies on DD of SSIs have attempted
to quantify healthcare cost differences before and after DD,
including several non-comparative studies that modeled pre-DD
costs based on several assumptions with regard to healthcare
utilization, rather than actually measuring pre-DD data.!0 !! 18
Furthermore, several previous comparative studies only assessed
healthcare costs, most frequently limited to secondary healthcare
costs, and did not assess cost-effectiveness.”” To our knowledge,
the current study is the first to assess costs and cost-effectiveness
from the broader societal perspective, including both primary
healthcare costs and secondary healthcare costs, as well as work

absenteeism costs and travel costs. The societal perspective is
recommended by the Dutch guidelines for economic evaluations
in healthcare.*

As a result of this, the comparison of our results with previous
studies is limited to comparing healthcare cost differences. It
must be noted, however, that the ability to directly compare
these differences is further limited by the differences in health-
care (payment) systems across countries as well as the variety of
variables used to calculate the cost differences and the costs per
item. To illustrate, Seewoonarain et al’ (Great Britain) valued
one fracture clinic appointment at £154, whereas Mackenzie et
al® valued this at £99 (Scotland), versus €85 in the current study
based on Dutch reference prices (online supplemental appendix
B). Moreover, in our study, on average, primary and secondary
healthcare costs were reduced by €16 and €152 per patient,
respectively. Hamilton et al” reported a mean reduction in
healthcare costs of £100 (€116) after DD in a comparative study
among pediatric patients with a forearm fracture. In this study,
however, healthcare costs only included clinic visit, GP visit, and
immobilization material costs. Seewoonarain et al’° compared
patients with a torus fracture of the distal radius before and after
DD and found a mean reduction of £62 (€72) in healthcare costs
per patient after DD. Their costs only included clinic costs and
immobilization costs, which might explain why their total cost
reduction was smaller than ours.” Mackenzie et al® estimated the
secondary healthcare costs of three types of SSIs before and after
DD. Costs included staffing costs, operation costs, and radiology
costs. The median reduction per patient was £128 (€148) for
fifth metacarpal fractures, £84 (€97) for fifth metatarsal frac-
tures, and £138 (€160) for radial head fractures.®

This study has several strengths. Most importantly, this is the
first study to evaluate the cost-effectiveness of DD compared
with traditional care from a societal perspective. Second, cost-
effectiveness was analyzed using SUR. This regression technique
allows for the correction of the possible correlations between
costs and effects.* Third, this study was based on an extensive
survey, which allowed a wide range of variables to be included
in our total societal cost estimates. Fourth, although randomiza-
tion might be infeasible for studying redesigns such as DD, our
study deals with the non-randomized nature of the study using
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propensity score adjustments. Last, there were no missing data
among the participants who responded to the survey.

This study also has several limitations. First, both cohorts were
relatively small, and consequently the 95% Cls surrounding the
cost-differences are relatively wide. However, we do not expect
our analyses to be extremely underpowered because even our
total cost differences were found to be statistically significant,
whereas costs are typically underpowered due to their relatively
skewed nature. Second, however in keeping with what might be
expected, the survey response rate was relatively low, but there
were no major differences in baseline characteristics between
responding and non-responding participants.”® Third, 11 types
of SSIs were included and this limits the ability to draw injury-
specific conclusions regarding (cost-)effectiveness of DD versus
traditional care. Preliminary post-hoc analyses per injury are
provided in online supplemental appendix C for societal costs,
healthcare costs, and the four effect measures that were used in
our study. These analyses indicate that DD reduces both societal
costs as well as healthcare costs for all injury subgroups, whereas
there were no remarkable differences in patient outcomes or
patient experiences before and after implementing DD for each
injury. However, these injury subgroups are relatively small and
therefore lack statistical power; hence, future studies should
be conducted to assess this in more detail. Fourth, in this CEA
we did not consider the one-time investment that is required to
implement DD in a hospital (eg, staffing, resources). However,
we have shared our protocols and discharge leaflets with other
Dutch hospitals, and these hospitals typically require approxi-
mately 3months to prepare the implementation. Therefore,
the associated costs for preparing implementation are rela-
tively low and in our opinion should not refrain hospitals from
implementing this model of care. Fifth, outcomes were only
measured at a single point in time. Hence, we were unable to
include quality-adjusted life years as outcome measure. Sixth,
most data were collected prospectively by self-report. Although
we do not expect this to differ severely between cohorts, this
may have caused socially desirable answers and/or recall bias,
for example, for number of GP visits or work absenteeism. Last,
patient absenteeism was valued using age-specific and gender-
specific price weights, but parent absenteeism was valued using
average wage, as the gender and age of the parent accompanying
the child during follow-up were unknown.

Future studies should focus on the generalizability of our
results in other countries with different healthcare systems,
as well as the eligibility of other injuries for DD and associ-
ated (cost-)effectiveness. Additionally, studies including larger
cohorts should be conducted to strengthen the results, and these
cohorts should be large enough to perform subgroup analysis
for each injury. Currently multiple hospitals in the Netherlands
are implementing DD and therefore this might be achieved by
performing multicenter studies in which data are collected in
a cooperative and standardized manner. Last, researchers could
explore the options to shift the treatment of patients with SSIs
from secondary healthcare to primary healthcare (eg, treatment
via GP without visiting the ED at all) to further reduce health-
care and societal costs.

In conclusion, the results of this first CEA to compare DD
of SSIs with traditional care suggest that DD is likely to be
cost-effective compared with “traditional” care with routine
follow-up, for generic-specific and disease-specific HR-QoL,
satisfaction with treatment, and pain, both from a societal
perspective as well as from a healthcare perspective. As a large
proportion of musculoskeletal injuries are SSIs, the implemen-
tation of DD offers an opportunity to respond to increasing

demands, high workloads, and costs. This is necessary to guar-
antee future high-quality trauma care. Future studies should be
performed in larger cohorts to strengthen current findings as
well as to test generalizability in other countries.
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