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ARTICLE INFO ABSTRACT

Precis: An evidence-based care bundle for
chest injury was more costly but more effective
for patient outcomes than standard care.

Background: Blunt chest injury is associated with significant adverse health outcomes. A chest injury care bundle
(ChIP) was developed for patients with blunt chest injury presenting to the emergency department. ChIP
implementation resulted in increased health service use, decreased unplanned Intensive Care Unit admissions
and non-invasive ventilation use. In this paper, we report on the financial implications of implementing ChIP and

Ié;ywt O_rd‘_s" quantify costs/savings.

est Injur . . . . . . .

Cos tingJ v Methods: This was a controlled pre-and post-test study with two intervention and two non-intervention sites. The
Implementation primary outcome measure was the treatment cost of hospital admission. Costs are reported in Australian dollars

(AUD). A generalised linear model (GLM) estimated patient episode treatment costs at ChIP intervention and
non-intervention sites. Because healthcare cost data were positive-skewed, a gamma distribution and log-link
function were applied.

Results: A total of 1705 patients were included in the cost analysis. The interaction (Phase x Treatment) was
positive but insignificant (p = 0.45). The incremental cost per patient episode at ChIP intervention sites was
estimated at $964 (95 % CI, -966 — 2895). The very wide confidence intervals reflect substantial differences in
cost changes between individual sites Conclusions: The point estimate of the cost of the ChIP care bundle
indicated an appreciable increase compared to standard care, but there is considerable variability between sites,
rendering the finding statistically non-significant. The impact on short- and longer-term costs requires further
quantification.

Cost evaluation

Introduction

Blunt chest injury can include a direct blow to the ribs from a fall,
assault, motor vehicle collision or contact sports, and may lead to sig-
nificant morbidity and mortality [1,2]. For patients with blunt chest
injury, complications, such as pneumonia and respiratory failure,
frequently occur, causing long-term pulmonary impairment [3], delayed
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recovery and increased resource use, if not treated promptly with suf-
ficient analgesia, physiotherapy and respiratory support [4,5]. We
developed and implemented an evidence-informed blunt chest injury
care bundle (ChIP), consisting of an early notification system and care
bundle for patients presenting to the emergency department (ED) with
isolated blunt chest injury, (Fig. 1) [6]. A care bundle is a set of
evidence-based interventions that, when delivered together, improve
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Initial Assessment
Assess particularly for pain and ability to deep breathe/cough/oxygen saturations

+ Chest X-ray and analgesia
(Emergency physician or registered nurse)

. 5

Re-assessment (= 30mins post initial analgesia)
Any inability to deep breathe/cough or
Ongoing pain or poor effort on incentive spirometry/vital capacity

{(Emergency physician or registered nurse)

Respiratory history (smoker,

Respiratory compromise
Flail chest or 2 3 rib

Red Flags
Age > 45yrs

COPD),

fractures

1

Patient to be reviewed by trauma registrar or on call surgical registrar and likely

CALL 777

ACTIVATE CHIP AND Provide MRN

admission. S
(Emergency physician or registered nurse) reg'ftrar )
- Pain team / Anaesthetics
- Physiotherapy

11

If patient for admission.... nurse

Admit Surgery/Trauma with secondary admission under

Pager will alert:

- Trauma team /surgical

- Intensive care liaison

Appropriate Bed Allocation

E.g. geriatrics as necessary

Respiratory Adjuncts:

Consider High flow nasal prongs™:
(Start at 50L/min Flow with FiO; 30-
40%)

*Does not exclude haemothorax or pneumothorax—
but discuss with surgical fellow

Consider Non-invasive ventilation and Intensive care
review if fails above

Regular Analgesic regime*:
- Oral analgesia

Consider combination with

- Patient controlled analgesia

- Paravertebral Block or Epidural as
appropriate

*|n consultation with pain team

Complication Prevention:

Early Mobilisation

Chest physio — deep breathing
exercises, directed coughing,
volume driven incentive spirometry
if appropriate.

Patient education — deep breathing
and coughing, use of as required
analgesia, support/splint pillows

Discharge Planning from ward:

Wean High Flow Nasal Prongs/Analgesia (per patient condition)
Discharge home when pain well controlled & respiratory function optimised
Patient / family education to include return to the emergency department if breathing or pain

worsens

Regular physician follow up within three days.

Fig. 1. Flowchart for the blunt chest injury care bundle (ChIP).
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health outcomes more than if administered separately [7]. ChIP was
implemented with a robust and effective implementation plan [8]
informed by behaviour change theory [9].

The implementation of ChIP resulted in improved patient and health
service outcomes including reduced intensive care unit (ICU) stay and
reduced non-invasive ventilation (NIV) use in patients with clinically or
radiologically confirmed rib or sternum fracture [10]. These improved
outcomes were a result of improved coordinated care delivery, for
example, there was increased physiotherapy, pain team, and surgical
review. However, it is important to evaluate the cost-effectiveness of
interventions, even those with positive patient outcomes and health
service use results.

Cost can be a barrier to the implementation of interventions at scale
in healthcare [11]. An intervention that demonstrates benefit for patient
outcomes and that also is cost-effective is ideal, as these dual patient and
financial benefits facilitate support from clinicians and administrators
for changes in care protocols and future implementation of the inter-
vention into practice. Cost-effectiveness evaluations can inform policy-
makers and hospital leaders of priorities in identifying innovative,
evidence-based care practices and allocating resources [12]. In this
paper, we report the financial implications of implementing ChIP for
patients with blunt chest injury and quantify additional costs/savings.

Implementation

The implementation of ChIP at two sites was achieved using existing
resources, so costs were limited to staff time. The implementation stra-
tegies were: i) face-to-face educational sessions, including a video
featuring local staff including managerial staff demonstrating their
support: https://youtu.be/VIMz1PjzmBk; ii) audits and feedback to
provide staff with data on their progress; iii) reminders in the form of
flyers, an icon prompt on the electronic medical record, and email and
newsletter notification and iv) a clinical champion at each site [10].
Estimated “in kind” implementation costs were collated, but as they
were in-kind no outlay of additional funds occurred, and so were not
incorporated into the analysis (Table 1).

Methods
Method design and setting

This was a controlled pre-and post-test study with two intervention
and two non-intervention sites conducted between 1 July 2015 — 21 Nov
2017 (pre) and 22 November 2017 and 30 June 2019 (post). Research
conducted as part of this study adhered to the National Statement on
Ethical Conduct in Human Research by the Australian National Health
and Medical Research Council [13], and was approved by the NSW
Population & Health Services Research Ethics Committee
(HREC/17/CIPHS/56).

The four study sites had ICU, surgical, pain and physiotherapy ser-
vices [14]. The two intervention sites were matched to two
non-intervention sites in metropolitan Sydney with similar bed

Table 1
ChIP initial set-up time commitments.
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numbers, staffing, case-mix, resources, and chest injury case numbers.
The two intervention sites were a 500-bed regional trauma centre with
approximately 70,000 emergency presentations annually (Site A) [15]
and a 200-bed rural/regional hospital with approximately 40,000
emergency presentations annually (Site B) [16]. ChIP was implemented
at the intervention sites on the 22 November 2017. The non-intervention
sites continued with standard care. One non-intervention site was a
300-bed centre metropolitan centre with 36,000 presentations annually
(Site C) and a 200-bed hospital with 32,000 emergency presentations
annually (Site D) [17].

Patient identification
Patient case inclusion criteria were:

. Any mechanism of injury suggesting blunt chest trauma;

. 18 years or older;

. admitted to hospital; and

. had either a radiological or clinical diagnosis of rib or sternum
fracture.

A WN =

The following patients were excluded:

1. injury occurred while in hospital as this made the activation system
not possible;

2. had cognitive impairment rendering patients unable to participate in
the care bundle;

3. intubated prehospital or in the ED; and

4. had an injury requiring urgent operative intervention.

Blunt chest injury patients were included regardless of whether they
received a ChIP call to account for expected implementation flow on
effects onto standard care [18]. The intubated and urgent operative
patients were excluded as they may have received other pain manage-
ment in the ICU or after operating theatre relating to the operation
rather than for blunt chest injury.

Outcome measures

The primary outcome measure was the treatment cost of an admis-
sion. Costs are reported in Australian dollars (AUD).

Data sources and processes

Patients were identified through the NSW Admitted Patient Data
Collection (APDC) according to preselected International Statistical
Classification of Disease version-10 Australian modification (ICD-10-
AM) codes (Supplementary file 1). The NSW Admitted Patient Data
Collection includes information on demographics, length of stay and
procedures. Costing data were obtained through the Activity Based
Management. The Activity-based management cost data included cost
per encounter.

Initial outlay hours and line activity cost estimate

Ongoing outlay hours and line activity cost estimate

Development and Hrs Hrs Hrs Hrs Hrs Hours by Hrs Hrs Hrs Hrs Hrs Hrs Hours by Comment
Production Activity CNC NE SS RN3 CNE line activity ¥ CNC NE SS RN3 HSM2 CNE line activity

RN 1hr training 220 24 244 220 24 244 In kind
Teaching materials 8 8 8 24 8 8 8 24 In kind
Promotional video 10 10 25 25 In kind
Altering of policy 5 5 5 5 In kind
CNE, NUM time / meet 4 4 8 4 4 8 In kind
Total Hours 27 12 0 0 8 47 42 12 0 0 0 8 306

CNC: Clinical nurse consultant, NE: Nurse educator, SS: Staff Specialist - Emergency Physician, RN: Registered Nurse, HSM: Health service manager, CNE: Clinical

Nurse Educator.


https://youtu.be/VlMz1PjzmBk
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Patient medical records were obtained from each site and were
screened retrospectively by researchers for inclusion and manual data
collected from the electronic medical record. The Centre for Health
Record Linkage (CHeReL) used probabilistic linkage to link the APDC to
the activity-based management cost dataset and to site-based patient
medical records. Demographic data such as age and sex, ICU, hospital
length of stay (LOS) and procedures were obtained from the APDC and
other clinical data, such as trauma call activation and non-invasive
ventilation, were obtained from the site medical records.

Clinical information included injury(s), mechanism of injury, injury
date and time, injury severity and whether patients received a trauma
call activation. Injury data were categorised according to the Abbrevi-
ated Injury Scale 2008 [19]. The injury severity score (ISS) and the New
Injury Severity Score (NISS) are internationally recognised scoring sys-
tems for the combined effects of trauma and were calculated using the
Abbreviated Injury Scores [20]. The injury severity score ranges from 1
to 75, with a score >15 indicating severe injuries. The NISS was included
as it may be a better predictor for blunt injury and does not discriminate
for body region in the score [21].

The Charlson comorbidity index identifies and assigns weights for 17
pre-existing comorbidities based on their association with mortality
[22]. Polytrauma was defined as a patient with >2 Abbreviated Injury
Scores >2 in two or more body regions. If a trauma call was activated in
the ED for patients presenting with severe injuries or a high-risk
mechanism of injury per local policy this was noted as an additional
team response had been activated and that these patients had the po-
tential for severe injury.

Analysis

Statistical analyses were performed using SPSS v26 (SPSS Statistics
for Windows, Version 26.0. Armonk, NY: IBM Corp). The relevant
population contained 1798 observations (i.e., patient encounters). A few
records had missing data. 70 were missing patient cost data and a further
23 were missing data for one or more control variables. Missing data
accounted for 6.4 % of the treatment group and 3.5 % of the control
group data. The final sample used in the analysis included 1705
observations.

Descriptive statistics were used to describe the patient and health
service use characteristics at the intervention versus usual care sites.
Several patient level characteristics that may influence patient episode
costs were included as covariates. Patient age measured in years), pa-
tient gender, the Charlson comorbidity index (CCI), the Injury Severity
Score (ISS), whether the patient was a re-presentation, and whether the
patient presented with polytrauma, were all controlled for in the anal-
ysis. Major diagnostic category are included as fixed effects, while
hospital site was treated as a random effect to account for unobserved
effects of different facilities on patient treatment costs.

A generalized linear model (GLM) was used to estimate patient
episode treatment costs at ChIP intervention and non-intervention sites.
Because healthcare cost data are positive-skewed, a gamma distribution
and log-link function were applied [23,24]. To assess the treatment ef-
fect on patient cost, an interaction term between the intervention period
(post-and pre-intervention period) and whether the patient attended a
hospital with or without the ChIP intervention is included in the model.
As the model is a non-linear function, the incremental cost of ChIP
intervention was separately estimated through a marginal effects anal-
ysis. The incremental cost is the average difference in patient cost be-
tween intervention and non-intervention sites. To account for variations
in the values of control variables (e.g., age) between intervention pe-
riods and intervention and non-intervention sites, we examined the
marginal effects at the average values of the control variables [23,24].

Results

A summary comparison of the intervention compared to the non-
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intervention sites at pre and post implementation is in Table 2. Visu-
ally, the overall cost at intervention sites post-implementation is slightly
higher then both pre-implementation and non-intervention sites. How-
ever, to test whether ChIP intervention is associated with a significant
change in patient cost we examine the interaction term between inter-
vention phase (Phase) and treatment sites (Treatment), with the GLM
analysis (Table 3).

As can be seen in Table 3, the interaction term (Phase x Treatment) is
positive but insignificant (p = 0.45). To calculate the difference in
average patient cost at ChIP treatment and non-treatment sites, we
conduct a marginal effects analysis. The incremental cost per patient
episode at ChIP intervention sites is estimated to be $964 (95 % CI, -966
— 2895). However, as the interaction term is insignificant, we do not
find any evidence for ChIP intervention being associated with a change
in patient cost.

Two additional tests were conducted to assess the robustness of our
results. Although GLM is relatively robust to the presence of outliers, we
note a small number of observations that can be categorized as having
outlying values on the dependent variable. Excluding observations with
particularly large treatment costs does not substantively change the
results as presented in Table 3, with the interaction term remaining
insignificant. While visual assessment of residual plots does not indicate
any significant departure from linearity between the transformed ex-
pected values of patient cost and the predictor variables, we consider the
possibility that there may still be nonlinear associations between some
of our predictor variables and patient cost. We add to the model in
Table 3 quadratic terms for continuous predictor variables (Age, CCI,
ISS). The untabulated results of the model including quadratic terms also
shows an insignificant interaction term between Phase and Treatment
variables. Overall, we find no significant evidence that ChIP interven-
tion is significantly associated with a change in patient cost per episode.

Discussion

In this study, we reported the cost implications of a blunt chest injury
care bundle (ChIP). There was no evidence that ChIP was associated
with change in cost. ChIP was associated with improved outcomes
without related increased costs - a result of improved coordinated care
delivery, despite increased physiotherapy, surgical review, and the pain
team/anaesthetics [10].

Decisions for patient care are multi-factorial. Although clinicians
strive for best practice, there are many factors that may impact on the
real-world implementation of evidence-based practice and whether it
can be implemented sustainably relying on organisational support [25].
ChIP did not lead to increased costs, however, this still raises questions if
ChIP and other targeted care bundles can be implemented in a way that
reduce costs to the health service while maintaining high quality care
and differences in patient outcomes [12]. Clinicians are often the ones
driving change to improve care; however, may not consider the impacts
of costs to the organisation.

The impact of ChIP on patient quality of life post-discharge is un-
known and whether the cost in hospital has longer term beneficial ef-
fects for patients, for example, earlier return-to-work or fewer
representations. Patients with rib fractures may continue to have pain
and other long-term effects from the injury post their hospital stay [26].
The burden of injury is greater than the direct and indirect monetary
costs associated with medical outcomes [27]. Australian studies of adult
trauma patients have shown that an ICU admission following injury is
predictive for high levels of depression, anxiety and stress at 6 months
[28] and that most (81 %) injured patients report pain in the first few
weeks after hospital discharge that impacted normal work, general ac-
tivity and enjoyment of life [29]. Further, insufficient information and
analgesics at hospital discharge, and inconsistent and incomplete
discharge processes fail to equip trauma patients to effectively manage
their pain at home [30]. It is plausible that patients who received ChIP
were better equipped at discharge to manage their pain because of
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Table 2
Comparison of treatment and control groups. All costs in Australian dollars (AUD).
Group Non-intervention sites Intervention sites TOTAL
Pre Post Total Pre Post Total

Count (n=) 327 247 574 544 587 1131 1705
Total Cost AUD 7056 7619 7298 8115 9169 8662 8203

mean (8246) (9137) (8638) (12,211) (11,789) (12,000) (11,000)

(SD)
Median 4655 4680 4415 4263 5531 4900 4877

[IQR] [1724 - 8617] [1667 - 9915] [1576 - 9622] [1481 - 9686] [2744 - 11,200] [2018 - 10,285] [1977 - 10,047]
Age (mean, SD) 75.4 16.6 76.3 16.0 75.8 16.3 65.8 20.0 67.1 18.7 66.5 19.4 69.6 18.9
Male (n,%) 181 61 % 115 39 % 296 40 % 200 45 % 243 55 % 443 60 % 739
Length of Stay (mean, SD) 5.4 6.1 5.4 5.7 5.4 5.9 5.3 5.6 5.5 5.3 5.4 5.4 5.4 5.6
Hours Intensive care unit (mean, SD) 2.7 13.7 4.1 23.7 3.3 18.7 3.4 25.8 3.0 21.2 3.2 23.5 3.2 22.0
Charlson comorbidity index total (mean, SD) 4.5 2.6 4.3 2.4 4.4 2.5 3.6 2.9 3.5 2.6 3.5 2.8 3.8 2.7
Injury severity score (mean, SD) 6.0 4.2 5.7 4.1 5.9 4.2 6.9 5.7 7.4 5.3 7.2 5.5 6.8 5.1
Mechanical ventilation (hours) (mean, SD) 0 0 0 0 0 0 0.4 6.9 0.5 12.1 0.4 10.0 0.3 8.1
Representation (n,%) 17 43 % 23 58 % 40 47 % 15 33 % 30 67 % 45 53 % 85
ChIP calls (n,%) 0 0 0 0 % 1 0 % 401 100 % 402 100 % 402
Trauma call (n,%) 5 83 % 1 17 % 6 2% 151 58 % 109 42 % 260 98 % 266
Polytrauma (n,%) 1 50 % 1 50 % 2 8 % 11 46 % 13 54 % 24 92 % 26

ChIP- Chest injury pathway, SD — standard deviation.

Table 3

Results of generalised linear model for comparison of intervention and non-intervention sites.
Variable Coefficient Standard Error Z stat p value 95 % Confidence Interval

Lower Upper

Constant 7.588 0.315
Phase 0.134 0.129 1.04 0.298 -0.118 0.386
Treatment 0.065 0.154 0.42 0.674 -0.227 0.366
Phase x Treatment 0.121 0.161 0.76 0.450 -0.194 0.436
Age (years) 0.004 0.004 0.91 0.362 -0.004 0.011
Gender 0.089 0.057 1.57 0.116 -0.022 0.200
CCI 0.130 0.016 8.35 <0.001 0.099 0.160
1SS 0.068 0.007 8.35 <0.001 0.055 0.082
Representations -0.223 0.071 -3.12 0.002 -0.363 -0.083
Polytrauma -0.097 0.192 -0.50 0.614 -0.473 0.279

Dependent variable: Cost per patient encounter. Robust standard errors reported. MDC fixed effects included but not reported. Abbreviations: CCI = Charlson’s co-
morbidity index, ISS = injury severity score.

enhanced pain service engagement during admission [31]. However, it appreciable increase compared to standard care. However, considering
was beyond the scope of this study to investigate this further. the variability between sites, this finding is rendered statistically non-
significant. The impact on short- and longer-term costs requires
further quantification. From our previous studies ChIP had benefits to
patient outcomes including reduced ICU stay and reduced NIV use. We
strongly recommend longitudinal future research that considers factors
beyond fiscal savings such as quality of life, function, and long-term
effects work and consideration of cost as a societal issue, not solely a
hospital admission.

Methodological considerations and limitations

Retrospective data was used for comparative purpose which may
have led to reduced accuracy of data. In particular, our estimates of the
incremental patient cost at treatment sites lack precision because our
study is limited to two intervention and two non-intervention sites.
Though efforts were made to choose hospital sites that were similar for
comparisons, we acknowledge there would be differences between sites
or increases in cost at implementation sites over time that were not
foreseen and therefore not accounted for in this study. There was,
however, no statistically significant difference in comparing pre to post
phases at intervention (p = 0.62) or non-intervention (p = 0.26) sites in a
t-test comparison.

Inclusion of additional sites and observations may also have allowed
for greater model precision and statistical power. Finally, costs related to
consumables are generally incorporated and calculated on by AR-DRG
and LOS in the cost bucket “Ward&ED” Supplies. However, we did not
have access to this level of data, and it is highly possible that consum-
ables used in ICU were reduced as a result of the reduced ventilator and
ICU time, and our results are underestimated.
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