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ARTICLE INFO ABSTRACT
Article history: Background: Blunt thoracic injury is present in around 15% of all major trauma presentations. To ensure
Accepted 2 June 2020 a standardised approach to the management of physical injury, patient pathway-based interventions have

Available online xxx been established in many healthcare settings. It currently remains unclear how these complex interven-

tions are implemented and evaluated in the literature. This systematic review aims to identify pathway
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effectiveness literature and implementation studies in relation to patient pathway-based interventions in
blunt thoracic injury care.

Methods: The databases Medline, Embase, Web of Science, CINAHL, WHO Clinical Trials Register and both
the GreyLit & OpenGrey databases were searched without restrictions on date or study type. A search
strategy was developed including keywords and MeSH terms relating to blunt thoracic injury, patient
pathway-based interventions, evaluation and implementation. Due to heterogeneity of intervention path-
ways, meta-analysis was not possible; analysis was undertaken using an iterative narrative approach.

Results: A total of 16 studies met the inclusion criteria and were included in analysis. Pathways were
identified covering analgesic management, respiratory care, surgical decision making and reducing risk of
complications. Studies evaluating pathways are generally limited by their observational and retrospective
design, but results highlight the potential benefits of pathway driven care provision in blunt thoracic
injury.

Conclusions: The results demonstrate the complexity of evaluating patient pathway-based interventions
in blunt thoracic injury management. It is important that pathways undergo rigorous evaluation, refine-
ment and validation to ensure quality and patient safety. Strong recommendations are precluded as the
quality of the pathway evaluation studies are low.

© 2020 The Authors. Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license.
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Background

There is complexity and variability in injury severity for these pa-
tients which is associated with a need for effective and reliable

The incidence of blunt thoracic injury is estimated to be around treatment for both the injury and subsequent complications [4,5].
15% with variable mortality rates reported between 9-60% [1-3]. For this review, Blunt Thoracic Injury is defined as injury to the

bony structure of the thorax or underlying soft tissues and organ
systems characterised by injury that does not involve opening of
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the chest wall and is associated with a blunt mechanism of injury
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Whilst the implementation of clinical pathways in major
trauma care continues to grow, they are frequently not fully eval-
uated [2,5]. It is therefore important to consider how these path-
ways are evaluated to measure their clinical impact. There is evi-
dence that patient pathway based interventions may have a posi-
tive effect on health outcomes in non-trauma populations [7-9] but
these benefits have not been consistently identified across studies.

For this review, patient pathway based interventions have been
defined as: “...a complex intervention for the mutual decision-
making and organisation of care processes for a well-defined group
of patients over a well-defined timeframe.” [10]. Further to this
there is agreement that these interventions must have a clear focus
on multidisciplinary teamworking and the delivery of care is fo-
cused on the local context to enable effective implementation and
delivery [10].

From both clinical and academic perspectives, it is essential to
understand the potential benefits and challenges associated with
implementing a clinically effective pathway for patients with blunt
thoracic injuries [3]. This systematic review will identify pathway
effectiveness literature and implementation studies relating to pa-
tient pathway-based interventions in blunt thoracic injury care.

Methods

This study aims to answer the review question: How does the
implementation of a patient pathway-based intervention influence
the outcomes of major trauma patients with blunt thoracic in-
juries?

The review objectives are:

1. Investigate the impact of patient pathway-based interventions
on patient outcomes.

2. Examine factors associated with successful implementation of
patient pathway-based interventions for patients with blunt
thoracic injuries.

Search strategies

This systematic review was conducted in accordance with
the ‘Preferred Reporting Items for Systematic Reviews and Meta-
Analyses’ (PRISMA) guidelines for reporting systematic reviews
[11]. Search strategies were developed by combining free-text
and index term searching. Two reviewers (EB, AW) indepen-
dently performed a structured literature search (revised search:
05/01/2019). The databases Medline, Embase, Web of Science,
CINAHL, WHO Clinical Trials Register and both the GreyLit and
OpenGrey databases were searched without date restriction. To ex-
tend this search further, a hand search of reference lists of eligi-
ble publications was evaluated for inclusion. Search outputs were
combined, and duplicates removed by the reference management
software EndNote [12].

The following search strategy was used for all electronic
databases with * denoting specific MeSH terms used in the review
search strategy:

(Thoracic  Injuries[Title/Abstract]*) OR  (Rib  Fractures
|Title/Abstract]*) OR (Trauma [Title/Abstract]) OR (Flail
Chest[Title/Abstract]*) OR (Costal Fracture[[Title/Abstract]) AND
(Pathway|[Title/Abstract]) OR (Guideline[Title/Abstract]*) OR (Care
Bundle|[Title/Abstract]*) OR (Integrated Care[Title/Abstract]) AND
(Complications|Title/Abstract]) OR (Length of Stay[Title/Abstract]*)
OR (Analgesia[Title/Abstract]*) OR (Mortality[Title/Abstract]*) OR
(Intensive/Critical Care[Title/Abstract]*) OR (Ventilatory/Respiratory
Support[Title/Abstract]) OR (Implementation [Title/Abstract]).
Search terms were coded, and truncation/wildcards integrated
using specified methodology for each database. Search strategies
and article counts for both reviewers are included for Medline,
Embase and CINHAL in the supplementary file.

Inclusion and exclusion criteria

This review included: (i) all empirical study designs; (ii) writ-
ten in English; (iii) no limit on date of publication; (iv) Studies
that included participants with a blunt thoracic injury component
to their major trauma injury profile who received treatment at an
acute hospital designated for the treatment of major trauma. Ini-
tial ‘a priori’ outcomes were set including hospital and critical care
length of stay, mortality, complication rates and ventilatory sup-
port requirements. Studies not reporting these outcomes were not
excluded automatically, rather where other outcomes were identi-
fied in the review process, these were discussed and where appro-
priate added for data analysis.

Data screening and extraction

The first reviewer (EB) screened all titles and abstracts and ex-
cluded duplicates. After this selection process, two reviewers (EB
and AW) independently screened the title/abstract/full text of the
remaining manuscripts. Possible differences in opinion were dis-
cussed and consensus was reached through a third reviewer (GL).
Data extraction was undertaken using a pre-determined tool indi-
vidually by two reviewers (EB and AW). The data extraction tool
was piloted with a selection of studies prior to the main data ex-
traction process to check for inter-reviewer reliability.

Quality assessment

Included studies were critically appraised independently and in
duplicate by EB and AW for quality using the Cochrane Risk of Bias
tool (with additional questions for observational studies). No stud-
ies were excluded due to issues identified in the quality appraisal
process, but quality was considered in the data analysis and re-
porting process using Grading of Recommendations, Assessment,
Development and Evaluations (GRADE) [13,14].

Data analysis

To identify whether there are variations in findings based on
context, all studies were categorised according to the type and fo-
cus of the patient pathway-based intervention. Due to the hetero-
geneity identified between different interventions, a meta-analysis
was not possible in this study. Synthesis was undertaken using a
narrative approach.

Review registration

A protocol for this review has been published through the
PROSPERO database maintained by York University (reference
number: CRD42018100893) (available: https://www.crd.york.ac.uk/
PROSPERO/display_record.php?RecordID=100893].

Results

A total of 16 papers were included in the final systematic re-
view, including a total of 9,212 participants and involving four
countries (USA (n = 9); Australia (n = 5); Italy (n = 1); and France
(n = 1). Included studies were published between 2001 and 2017.
Eighty-two studies were excluded after full text review. The pri-
mary reason for exclusion was due to content being unrelated to
the blunt thoracic injury population (n = 44). Other studies were
excluded if they did not focus on a guideline or pathway-based
process (n = 27) or focused on pathway development through an
evidence-based review process but did not present empirical out-
comes (n = 11), and one was a study protocol without results.Fig. 1
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Fig. 1. PRISMA flow diagram demonstrating study selection.

presents the PRISMA flow diagram representing the search and
screening process for included articles.

Critical Appraisal summaries are included for all empirical stud-
ies and further critique was integrated into the presentation of the
study results. Table 1presents the quality assessment of studies in-
cluded in this review using the Cochrane Risk of bias tool with
additional questions for the inclusion of observational studies [15].

Table 2 presents the participant characteristics and injury de-
mographic data from these included studies. Table 3 presents an
overview of the 16 studies included in this review. There was dis-
tinct variability in both the overall focus and individual compo-
nents of the patient pathway-based interventions included in this
study. The main focus areas of blunt thoracic injury care were
identified as: analgesic management [16-21]; respiratory care [16-
23]; surgical decision making (including chest drain management)
[18,24-28]; and reducing the risk of in-patient complications [16—
21, 29,30]. Outcome measures analysed in these studies included:
Hospital Length of Stay; Intensive Care Unit Length of Stay; Rates
of Pneumonia; Ventilatory support/respiratory function; Mortality;
Thoracic Surgical Interventions; Analgesia; and Financial savings.

Pathway evaluation
Hospital length of stay & intensive care length of stay

Seven studies identified a reduction in hospital LoS for
patients treated using a patient pathway based intervention

[18,19,22,23,26,27,30]. Conversely, three studies identified no dif-
ference in hospital LoS for patients treated using patient pathway
based interventions (4 days (IQR 2-8) vs. 4 days (IQR 2-8); p = 0.5
and 6.76 (IQR 3.89-12.18) vs. 6.00 (IQR 3.86-11.00); p = 0.368,
respectively) [17,21,24]. For patients with less than 3 fractured
ribs, hospital LoS was longer (4.77 days (4£3.93) vs. 4.93 (£3.33);
p = 0.042) but it was unlikely that this is a clinically significant
difference [23]. In the same study, the hospital LoS was less (10.24
days (+13.59) vs. 8.74 days (+9.83); p = 0.006) for patients with 3
or more fractured ribs treated with a patient pathway based inter-
vention [23].

Two studies identified a reduction in the ICU LoS after the pro-
tocol was introduced (2.0-day and 2.4-day reduction respectively)
[19,22]. Nyland et al. identified the elimination of unplanned ad-
missions to the ICU for patients treated using a respiratory care
patient pathway based intervention (pre-protocol: 12% (n = 6)
vs. post-protocol 0%; p = 0.038) [22]. Conversely, two studies re-
ported an increase in ICU LoS after implementation of a patient
pathway based intervention for the management of blunt thoracic
injuries [18,23]. Sahr et al. identified an increased ICU LoS for
both patients with less than three fractured ribs (Pre-vs. Post im-
plementation: 0.54 days (£1.24) vs. 1.90 (42.33)) and for those
with three or more fractures (Pre-vs. Post implementation: 3.67
days (£7.30) vs. 4.72 (£6.97)). When analysis of variance was per-
formed, this was significant (F;105=4.595; p = 0.028) [23]. Fur-
thermore, two studies did not identify any change in ICU LoS af-
ter the implementation of the patient pathway based interventions
[24,30].
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Table 1
Quality assessment summary table.
Blinding Internal
Blinding of or Validity-
participants outcome Confounding/
Random Allocation  and assess- Incomplete External Internal Selection
sequence Conceal- personnel  ment Outcome Selective Reporting  Validity Validity Bias
generation ment (Perfor- (Detec-  data reporting Bias (Ob-  (Observa-  (Observa- (Observa-
(Selection  (Selection  mance tion (Attrition ~ (Reporting Other  servational tional tional tional
Author Bias) Bias) Bias) bias) bias) bias) Bias Study) Study) Study) Study
Flarity et al. (2017)[16] - - - - - - ? + - ? ?
Curtis et al. (2017) [31] - - - - - - - ? - - -
Carrie et al. (2017) [18] - - - - - ? ? + + + ?
Curtis et al. (2016) [17] - - - - - ? ? + + + ?
Dennis et al. (2017) [24] - - - - ? ? ? + ? - -
Nyland et al. (2016) [22] - - - - ? ? ? + + + ?
Anderson et al. (2015) [25] - - - - - - - ? - - -
Gonzalez et al. (2015)[29] - - - - - - + + + +
Sahr et al. (2013) [23] - - - - - - ? + + ? -
Menditto et al.(2012) [26] - - - - - ? - - ? ? -
Frederickson et al. (2011)[30] - - - - - ? ? + - ? ?
Morrison et al. (2009)[27] - - - - - - ? - + + -
Todd et al. (2006) [19] - - - - ? + + ? ?
Adrales et al. (2002)[28] - - - - - ? ? - - -
Wilson et al. (2001) [20] - - - - - - - - ? ? -
Sesperez et al. (2001) [21] - - - - - - - - ? ? -
Key: Quality criterion met Partially met Not met
+ ? -
Pneumonia pathway based intervention (29% and 14% reduction, respectively)

There was a decrease in the rate of pneumonia after the im-
plementation of a patient pathway based intervention two studies
(9.2%vs. 4.4%; p = 0.003 and 18%vs. 5%; p = 0.0003 respectively)
[17,19]. Conversely, Carrie et al.reported no significant difference
in pneumonia infections (17% (n = 12) vs. 19% (n = 13); p = 0.87)
but an increased ICU LoS for blunt thoracic injury patients treated
with a patient pathway based intervention, and increased primary
placement of pathway patients from Emergency Department (ED)
to ICU (23% (n = 16) vs. 52% (n = 36); p = 0.0004) [18].

Ventilatory support requirements

Two studies identified a non-significant reduction in ventilatory
support requirements (2.2% (n = 6) (IQR 0.3-4.0) vs. 1.1% (n = 3
(IQR —0.2 - 2.4); p = 0.50& 2.6 (£6.7) vs. 1.8 (£8.1); p = 0.28, re-
spectively) [17,19]. Furthermore, Carrie et al. did not identify any
change in ventilatory needs of participants after the implemen-
tation of a patient pathway based intervention (12% (n = 8) vs.
12% (n = 8); p = 1.0) [18]. Conversely, one study measured a one-
day increase in ventilatory-free days amongst a sample of patients
treated using a patient pathway based intervention (27 (IQR 19.75-
28) vs. 28 (IQR 25-28); p = 0.028) [24].

Mortality rates

Although a reduction in mortality was reported in five studies
[17-19, 22,23], this was significant in one study [19] (protocol vs.
intervention group: 13%vs. 4%, p = 0.004). Conversely, one study
did not find any difference in mortality rates after implementation
of a clinical pathway for blunt thoracic injury management [30].

Chest drain management

Six studies evaluated the use of thoracic surgical procedures
including chest drain use and operative drainage of retained
haemothorax using Video Assisted Thoracic Surgery (VATS) [17-
19,26-28]. Two studies identified a reduction in the requirement
for chest drain placement for patients treated using a patient

[18,19]. Interestingly, despite the decrease in chest drain use, Todd
et al. reported higher incidence of diagnosed pneumothorax (39%
(n = 58) vs. 53% (n = 79); p = 0.01), haemothorax (15% (n = 22) vs.
43% (n = 65); p<0.0001) and haemo-pneumothorax (14% (n = 21)
vs. 29% (n = 43); p<0.002) in the study group on the clinical path-
way [19]. This suggests a change in both the diagnostic process
and the clinical decision making around chest drain management.
One study reported a 2.8 day reduction in the duration of chest
drain insertion for patients treated with a patient pathway based
intervention (7.0 days (+1.3) vs. 4.2 days (+£0.4); p = 0.04) [28].
Conversely, Menditto et al. reported a 10% increase in the usage
of chest drains using a patient pathway based interventions for
the management of blunt thoracic injuries in an Emergency De-
partment observation ward [26] whilst Curtis et al. reported no
change in chest drain usage after the implementation of the in-
patient Chest Injury Protocol (ChIP) [17].

Two studies investigated the impact of patient pathway-based
interventions on the treatment of retained haemothorax after chest
trauma [24,27]. Dennis et al. identified no reduction in the number
of patients requiring interventions beyond chest drainage (69.9%
(n = 228) vs. 64.9% (n = 205); 0.179). There was a reduction
in patients requiring more than one surgical intervention (15.0%
(n = 49) vs. 8.9% (n = 28); p = 0.021) [24]. These studies also
identified a decreased requirement for VATS (Protocol vs. Control
group: 8.3% (n = 27) vs. 3.2% (n = 10); p = 0.0006) [24], reduced
time to theatre for VATS (Protocol vs. Control group: 3 days (+0.3)
vs. 9.9 days (£2); p = 0.002) [27], and increased use of minimally
invasive surgical techniques (Protocol vs. Control group: 100%vs.
56%; p = 0.0003) [27]. Furthermore, whilst Morrison et al. identi-
fied a reduced conversion to open surgical procedures (3.4%vs. 16%;
p = 0.017), Dennis et al. did not find any change in the incidence of
open thoracotomy (2.5% (n = 8) vs. 2.2% (n = 7); p = 1.0) [24,27].

Analgesia and pain assessment/management

Analgesic usage associated with a patient pathway-based in-
tervention was investigated in three studies [17-19]. Two stud-
ies identified increased use of Patient Controlled Analgesia (PCA)
(10.3% (n = 28) vs. 16.1 (n = 44); p = 0.04& 92% (n = 138) vs 31%
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Author /|

Sample size Age

Sex% male

Injury Characteristics*

No. of thoracic
fractures

Injury Severity Score

Protocol group vs. Control
group

(Mean in years)

58 (£16) vs. 58 (£15);

p =0.85

Carrie et al.
(2017) [18]

Curtis et al. No Pathway Group

(2017) [31] (median):
81.0 (IQR 66-88)
Pathway Group (median):
79.5 (IQR 69-87)
Dennis Pre-protocol vs. Protocol
et al.(2017) group
[24] (Median in years)
46.32 (IQR 30.7-61.94) vs.
48.33 (IQR 34.51-64.16);
p = 0.722
Curtis et al. Pre-protocol vs. Protocol
(2016) [17] group
(Median in years)
82 (IQR 71-88) vs. 81 (IQR
70-87); p = 0.73
Nyland Pre-Protocol vs. Phase I vs.
et al. Phase 11
(2016) [22] (Median in years)
60 (IQR 46-75) vs. 63
(54-73) vs. 59 (36-78);
p = 047
Anderson  Not reported
et al.
(2015) [25]
Gonzalez 57% (n = 229) aged 65
et al. years or older
(2015) [29]
Not Reported
Frederickson
et al.
(2013)[30]
Sahr et al.  Pre-protocol vs. Protocol
(2013)[23] group

(Mean in years)

<3 Rib Fractures:
79.70 (£7.88) vs. 79.64
(£9.37)

>3 Rib Fractures:
79.06 (£7.88) vs. 79.54
(+£8.11)

Protocol group vs.
Control group

78% (n = 54) vs. 78%
(54); p=1.0

No Pathway Group:
41.8% (n = 56)
Pathway Group:
46.2 (n = 134)

Pre-protocol vs.
Protocol group
77.9% (n = 254) vs.
77.8% (n = 246);

p = 0.984

Pre-protocol vs.
Protocol group

43.6% (n = 119) vs.
47.3% (n = 129);
p = 0.39.

Pre-Protocol vs. Phase
I vs. Phase II

70% (n = 35), 62%

(n =31), 70%

(n = 35); p=0.62

Not reported

Not reported

Pre-protocol vs.
Protocol group
36.25 (n = 327) vs.
36.25 (n = 419); NS

Pre-protocol vs.
Protocol group
56.79% (n = 46) vs.
57.69% (n = 30)
Total:

51.35% (n = 76)

Protocol group vs. Control group
Bilateral Rib Fractures:

32% (n = 22) vs. 23% (n = 16); p = 0.25
Flail Segment:

22% (n = 15) vs. 17% (n = 12); p = 0.52
Pulmonary Contusion:

59% (n = 41) vs. 52% (n = 36); p = 0.39

Pneumothorax:

48% (n = 33) vs. 62% (n = 43); p = 0.09
Haemothorax:

39% (n = 27) vs. 57% (n = 39); p = 0.05
Not reported

Pre-protocol vs. Protocol group
Blunt Thoracic Injury:

80.1% (n = 261) vs. 77.5% (n = 245);
p = 0.484

Pre-protocol vs. Protocol group
Haemothorax:

9.9% (n = 27) vs. 10.6% (n = 29); p = 0.78
Pneumothorax:

5.9% (n = 16) vs. 3.7% (n = 10); p = 0.23
Pulmonary Contusion:

1.5% (n = 4) vs. 0.7% (n = 2); p = 0.69
Mechanism: <1 m Fall:

82.1% (n = 224) vs. 85.7 (n = 234)

Motor Vehicle Collision:

6.2% (n = 17) vs. 2.9% (n = 8)
Pre-Protocol vs. Phase I vs. Phase Il

Rib Fractures:

58% (n = 29) vs. 74% (n = 37) vs. 58%
(n=29); p=0.16

Pulmonary Contusion:

44% (n = 22) vs. 24% (n = 12) vs. 18% (n = 9);
p = 0.01

Pneumothorax:

8% (n = 4) vs. 10% (n = 5) vs. 20% (n = 10);
p =0.15

Flail Chest:

4% (n = 2) vs. 4% (n = 2) vs. 0%; p = 0.36
Not reported

Fall: 39.0% (n = 156);

RTC: 35.25% (n = 141);

Motorcycle collision: 8.25% (n = 33);
Pedestrian vs. vehicle: 2.25% (n = 9);
Other: 15.25% (n = 61);

Pre-protocol vs. Protocol group
Treated on Rib # Protocol:
84 vs. 114

Pre-protocol vs. Protocol group
Mechanism: Motor Vehicle Collision:
27.04% (n = 30) vs. 17.91% (n = 12)
Mechanism: Falls:

54.32% (n = 44) vs. 58.21% (n = 39)
Mechanism: Other:

8.65% (n = 7) vs. 8.96% (n = 6)

Protocol group vs.
Control group
(mean no. of #)

6 (£3) vs. 6 (£2);
p = 0.56

No Pathway Group
(median):

(IQR 0-3)
Pathway Group
(Median):

0 (IQR 0-2)

Not Reported.

Pre-protocol vs.
Protocol group
(Median no. of #)

0 (IQR 0-2) vs. 0 (IQR
0-3); p =042

Not reported

Not reported

Not reported

Pre-protocol vs.
Protocol group

<3 #: 28.57 (n = 24)
vs. 36.84 (n = 42)
3-8 #: 28.57 (n = 24)
vs. 505 (n = 57)

>0 #: 42.86 (n = 36)
vs. 13.16 (n = 15)
Pre-protocol vs.
Protocol group

<3 Rib Fractures:
37.04% (n = 30) vs.
41.79% (n = 28)

>3 Rib Fractures:
62.96% (n = 51) vs.
58.21% (n = 39)

Protocol group vs.
Control group

17 (£7) vs. 17 (£7);
p = 0.97

Thoracic Trauma
Severity Score:

8 (£3) vs. 8 (£3);

p =0.97

No Pathway Group
(median):

4.0 (IQR 2-9)
Pathway Group
(median):

5.0 (IQR 2-9)

Pre-protocol vs.
Protocol group

26 (IQR 18-34) vs. 25
(IQR 17-33); p = 0.364

Pre-protocol vs.
Protocol group

ISS:

3 (IQR 2-9) vs. 5 (IQR
2-9); p<0.001

AIS Chest:

1 (IQR 1-2) vs. 1 (IQR
1-3); p = 0.39

Pre-Protocol vs. Phase
I vs. Phase II

Median score

19 (IQR 10-25) vs. 13
(9-17) vs. 10 (9-19);
p = 0.002

Not reported

Not reported

Pre-protocol vs.
Protocol group

(Mean Score)

9.93 (+7.65) vs. 10.25
(£7.24); NS

Pre-protocol vs.
Protocol group

<3 Rib Fractures:
11.50 (£7.20) vs. 10.68
(£9.25)

>3 Rib Fractures:
18.63 (£12.44) vs.
17.13 (£9.67)
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Author /|
Sample size Age

Sex% male

Injury Characteristics*

No. of thoracic
fractures

Injury Severity Score

Menditto Pre-protocol vs.
et al. Protocol group
(2009)[26]  (Mean in years)
51.2 (£22) vs. 57.2
(+£20.4); p = 0.40
Morrison Protocol group vs.
et al. Control group
(2009)[27]  (Mean in years)
30.7 (£2) vs. 35.2
(£2.9); p = 0.205
Todd et al.  Protocol group vs.
(2006)[19]  control group
(Median in years)
56 (IQR 51-65) vs.
60.5 (52-72); p = 0.02
Adrales Pre-protocol vs.

et al.(2002)[2&@rotocol group
(Mean in years)
38.0 (£3.7) vs. 31.6
(£3.9); p = 0.08

Sesperez (Mean in years)
et al. Pre-implementation:
(2001)[21]  41.6 (£20.5)
Evaluation:
43.4 (£20.9)
Re-evaluation:
39.9 (+£20.7)
p =0.59
Wilson (Mean in years)
et al. 41.9 (+£20.7)
(2001)[20]

Pre-protocol vs.
Protocol group
67%vs. 64%; p = 0.68

Protocol group vs.
Control group
89.7%vs. 84%;

p = 0.692

Protocol group vs.
control group

63% (n = 94) vs 65%
(n=97); p=0.72

Pre-protocol vs.
Protocol group

71% (n = 10/14) vs.
62% (n = 29/47)

Pre-implementation:
69.7%

Evaluation:

62.4%

Re-evaluation:

70.5%

p =048

65.8% (n = 96)

Pre-protocol vs. Protocol group
Sternal fractures:

25%vs. 18%; p = 0.14

Pulmonary Contusions:

23%vs. 16%; p = 0.03

Pneumothorax:

10%vs. 5%; p = 0.17

Pleural effusion:

9%vs. 15%; p = 0.14

Protocol group vs. Control group
Blunt Thoracic Injury:

10.3%vs. 20%; p = 0.449

Motor Vehicle Collision:

10.3% (n = 3) vs. 20% (n = 5)

Other blunt Mechanism:

34% (n=1)vs. 0% (n = 0)

Protocol group vs. control group
Sternal Fracture:

10% (n = 15) vs. 5% (n = 8); p = 0.13
Pulmonary Contusion:

33% (n = 50) vs. 37% (n = 55); p = 0.55
Pneumothorax:

53% (n = 79) vs. 39% (n = 58); p = 0.01
Haemothorax:

43% (n = 65) vs. 15% (n = 22); p<0.0001
Pre-protocol vs. Protocol group

Blunt Thoracic Injury:

71% (n = 10/14) vs. 57% (n = 27/47)
Motor Vehicle Collision:

50% (n = 7/14) vs. 47% (n = 22[47)
Fall:

14% (n = 2/14) vs. 9% (n = 4/47)
Assault:

7% (n = 1/14) vs. 2% (n = 1/47)
Allocation to Rib Fracture Pathway:
Total: n = 87/265
Pre-implementation: n = 28
Evaluation: n = 38

Re-evaluation: n = 21

(p =0.07)

Allocation to Rib Fracture Pathway:
Total: n = 59/146

Pre-protocol vs.
Protocol group
(Mean no. of #)
2.1 (£1.9) vs. 2.7
(£1.9); p=0.10

Not Reported

Protocol group vs.
control group
(Median no. of #)

6 (IQR 5-7) vs. 7 (IQR
6-9); p<0.0001

Not Reported

Not Reported

Not Reported

Not Reported.

Protocol group vs.
Control group

11.6 (£0.8) vs. 15.6
(£2.5); p = 0.140

Protocol group vs.
control group

ISS:

21 (IQR 17-29) vs. 21
(17-29); p = 0.67

AIS Chest:

4 (IQR 3-4) vs. 4 (3-4),
p =0.17

Pre-protocol vs.
Protocol group
20.5 (£2.4) vs. 25.7
(£3.3); p =033

Pre-implementation:
12.7 (£11.5)
Evaluation:

11.1 (£11.3)
Re-evaluation:

11.1 (£9.9)

p = 0.57

(Mean)

11.1 (£10.7)
ISS BTI:

8.0 (£7.7)

(n = 47); p<0.0001, respectively) post clinical pathway implemen-
tation [17,19]. Similarly, Todd et al. and Carrie et al. identified sig-
nificantly increased use of epidural analgesia (42% (n = 63) vs. 11%
(n = 17); p<0.0001 and 1% (n = 1) vs. 33% (n = 23); p<0.0001,
respectively) [18,19] and paravertebral block (4% (n = 3) vs. 30%
(n = 21); p<0.0001) [18]. Todd et al. reported the number of failed
or refused epidural attempts which demonstrates an improved risk
governance associated with the use of a patient pathway based in-
tervention [19]. Curtis et al. highlighted improved access to special-
ist pain services for patient treated using the Chest Injury Protocol
(ChIP) [17] and Carrie et al. reported a two-point reduction in pain
score on day one of admission, reduced total opioid usage and re-
duced episodes of uncontrolled pain when assessed using a visual
analogue pain Likert scale [18].

Financial savings and gains

Changes in the cost of patient care was an outcome measure in
three studies [26-28]. Two studies identified important treatment
cost reductions associated with the use of patient pathway-based
interventions [26,28]. Furthermore, Adrales et al. identified specific
resource use savings through the limitation of prophylactic antibi-

otic usage to 24-hours only (50% (n = 7/14) vs.74% (n = 35/47))
and reduction in X-ray use prior to chest drain removal (before vs.
after: 93%vs. 55%; p = 0.02) [28]. Conversely, Menditto et al. did
not identify any improvement in cost despite improvement in pa-
tient outcomes when treated using a patient pathways based in-
tervention [26].

Implementation analysis
Variance analysis in integrated care pathways

Two studies analysed the provision of care through integrated
care pathways which included a rib fracture management pathway
[20,21]. In these studies, the pathway implementation was evalu-
ated through measurement of the number of episodes of variance
from the expected progress of patient recovery after injury. Ses-
perez et al. observed substantial number of variances in stage one
(Pre-implementation) with decreased numbers of variance from
the integrated pathway in stage two and three (both post imple-
mentation) (51.7 (£43.5), 42.3 (£32.9) & 23.2 (£21.7); p = 0.0001)
[21]. In the analysis of variances from the integrated care path-
ways, 0.2% related to system errors, 25% related to patient factors,
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Table 3
Included studies summary table: pathway evaluation studies.
Reference:
Single/multi: Description of
Country: Design/Setting: Intervention: Sample Size: Outcome Measures: Key Results:
Flarity et al. Retrospective Clinical Practice n =571 Hospital LoS, Multivariable regression identified a significant
(2017)[16] Observational Guideline for BTI ICU LoS, decrease in LOS for those patients admitted in
Single Study care including: Narcotic Usage, the intervention period (B = —2.29; P = 0.019).
USA (Before-After) Pulmonary Pulmonary Despite being significantly older with more rib
Trauma Ward function, function fractures in the ICU cohort, patients admitted
Analgesia, Mortality after implementation of the intervention had a
Identification of significantly reduced LOS on multivariable
deterioration analysis, reducing LOS by over two days. Overall,it
demonstrated reduced narcotic usage, improved
pulmonary function and reduced hospital LoS
after the implementation of a BTI clinical practice
guideline.
Dennis et al. Retrospective Clinical Pathway n = 642 No. of patients The number of patients needing more than 1
(2017)[24] Observational for management of  (Pre: n = 326) requiring surgical surgical intervention decreased (49 vs. 28;
Single Study retained (Post: n = 316) interventions p = 0.02).
USA (Before-After) haemothorax post beyond ICD. Number of patients requiring VATS decreased
Trauma Ward chest trauma Hospital LoS, (27 vs. 10; p<0.01)
ICU LoS, Number of radiology guided catheters placed
Ventilatory increased (2 vs. 10; p = 0.02)
requirement, Intrapleural tPA, open thoracotomy, empyema and
VATS, 6-month readmission rates were unchanged.

Open Thoracotomy,
Image Guided

ICU and hospital LoS were unchanged.

Catheter,
Intrapleural
thrombolysis,
Empyema
Curtis et al. Retrospective Evaluation of Chest  n = 424 patient No. of patient Only 68.4% of eligible patients received the ChIP
(2017)[31] Observational Injury Protocol participants using ChlIP, protocol at baseline.
Single Study & staff (ChIP) (Curtis et al. n = 99 staff Barriers and Key facilitators and barriers to implementation
Australia survey 2016)[31] participants Facilitators to were identified through staff surveys and mapped
Emergency Depart- implementation of to the theoretical domains framework.
ment/Trauma Ward ChIP protocol. Revisions incorporating behavioural change
techniques resulted in an improvement in use of
the ChIP intervention to 91%.
Carrie et al. Retrospective Case Care bundle & n =138 Rate of Reduction in rate of uncontrolled analgesia
(2017)[18] Control Study Clinical Pathway (69 pre uncontrolled pain (55 vs. 17%, p<0.001).
Single (Before-After) including: & 69 post) during initial 24 h Increased rate of ICU admission (23 vs. 52%,
France Emergency Pulmonary of admission, p<0.001).
Department function, Rate of Pulmonary, No difference in rates of pulmonary
Analgesia, Complications, complications, ICU LoS or Hospital LoS.
Identification of ICU LoS, Use of NSAID may results in reduced rates of
deterioration, Hospital LoS, respiratory complications.
MDT working, Pain at rest,
Chest drain Opioid Usage.
management,
Oxygenation and
ventilation support
Curtis et al. Retrospective Chest Injury n = 546 Rate of Pneumonia, Pneumonia rates reduced by 4.8% (95%CI: 0.5-9.2,
(2016)[17] Observational Protocol (ChIP) (Pre-Intervention: Mortality, p = 0.03),
Single Study 273) DVT and/or PE, Increased access to pain team review (32%vs. 13%,
Australia (Before-After) (Post-Intervention: Ventilatory p<0.001), physiotherapy (93%vs. 86%, p = 0.005)
Emergency Depart- 273) Support, and trauma team review (95%vs. 39%, p<0.001).
ment/Trauma Hospital LoS, There was no reduction in Hospital LoS
Ward Time to Pain Team (p = 0.50).
review,
Time to
Physiotherapy,
Time to Trauma
review,
Use of PCA,
Use of HFNP.
Nyland et al. Retrospective Decision making n =150 Hospital LoS, Unplanned admissions to ICU were eliminated
(2016)[22] Observational algorithm for the (Pre-Protocol: 50) ICU LoS. post implementation
Single Study Volume Expansion (Phase 1 (post Unplanned Hospital LoS was decreased by 1.5 days
USA (Before-After) Protocol (VEP) & implementation): admissions to ICU (p = 0.001)
Trauma Ward Protocol 50) Bronchodilator Ward LoS and ICU LoS was reduced
(Phase 2 usage (p = 0.001&p = 0.01 respectively)
(re-evaluation): Mortality More patients were admitted directly to ward

50)

level care
Bronchodilator use decreased (not statically
significant).
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Table 3

(continued)

Reference:

Single/multi: Description of

Country: Design/Setting: Intervention: Sample Size: Outcome Measures: Key Results:

Anderson et al. Retrospective Procedural n = 3069 Rates of empyema Incidence of empyema pre-protocol was 1.44%

(2015)[25] Observational checklist for (Pre-Protocol: post chest drain (n = 29/2009)

Single Study, trauma ICD 2009) insertion Incidence of empyema post protocol was 0.57

Australia (Before-After) insertion (Protocol: 1060) (n = 6/1060)

Emergency p = 0.038
Department

Gonzalez et al. Retrospective Predictive model n = 400 ICU LoS Mean ICU length of study was 1.7 days

(2015)[29] Observational and BTI Pathway Healthcare Costs (associated with increased cost of $2200 per

Single Study Development for analysis patient.

USA Trauma Ward Identification for Variables predicting need for ICU included: COPD,
high risk groups low albumin, ICD, ISS and no. of Rib Fractures.
requiring ICU in These variables were used to create a risk score
BTI care with a sensitivity (78.5%) and specificity (78.9%).

Sahr et al. Retrospective BTI admissions n =148 Hospital LoS There was a reduction in both hospital LoS and

(2013)[23] Observational algorithm (Clinical (Pre-intervention: ICU LoS ICU LoS in the post-intervention period.

Single Study Pathway) 81) Mortality

USA (Before-After) (Post Intervention:

Trauma ICU 67)

Frederickson Retrospective 4 Clinical Pathways n = 2058 Hospital LoS Overall, the implementation of 4 protocols

et al. Observational developed and (Pre-intervention ICU LoS resulted in a 32% reduction in Hospital LoS,

(2013)[30] study tested for elderly total: 902) Reduced 88.89% compliance in the post-intervention BTI

Single (Before-After) trauma pts: (Post intervention Ventilation needs protocol,

USA Trauma ICU . total: 1156) Mortality, ISS and admission systolic blood pressure were

® VAP Prevention (pre_intervention Healthcare Costs identified as significant predictors of LoS in the
* Rib Fracture BTI: 84) Analysis regression analysis (8-coefficient: 0.219,
® Massive (Post intervention p = 0.000 and —0.020, p = 0.001, respectively).
Transfusion BTL: 114)
L]
Anticoagulation

Menditto et al. Retrospective Clinical Pathway n = 240 Mortality, Reduced re-admission rates (12%vs.4%, p = 0.03)

(2012)[26] Observational and (Pre-Intervention: Rate of ICD for Rates of late ICD increased (1.9%vs. 12.5%, p<0.05)

Single Study decision-making 110) delayed PTX or Rate of hospitalisation decreased (49%vs. 24%,

Italy (Before-After) protocol (Post- haemothorax, p<0.005)

Emergency Intervention: 130) Readmission Hospital LoS decreased (94.7hr (£79.6) vs. 65.7
Department within 30 days, (+£60.6), p<0.02)

Observation Unit

Rate of
hospitalisation,
Hospital LoS

Cost analysis identified not significant change in
cost effectiveness

Morrison et al. Retrospective Clinical decision n=>54 Time to theatre, Study Group had reduced time to theatre (3.0
(2009)[27] Observational pathway for (Study group: 29) Hospital LoS, (£0.33) days vs. 9.9 (+2.0) days, p = 0.002),
Single Study management of (Control: 25) No. of VATS Shorter Hospital LoS: (10.8 (£0.8) days vs. 30.5
USA (Before-After) retained performed, (£5.5) days, p = 0.003).
Trauma Ward Haemothorax Post-operative 100% of the study group had VATs vs. 56% in the
complications, control group (p = 0.0003),
Total Hospital No difference in the rates of post-operative
Costs complications and need for repeat surgery.
Total hospital charges lower in study group:
($46471 vs. $126221, p = 0.03)
Todd et al. Prospective Cohort Clinical Pathway n = 300 ICU LoS, Decreased ICU LoS by 2.4 days (95%Cl: —4.3 -
(2006)[19] Study and (150 prospectively Hospital Lo, —-0.52, p = 0.01),
Single (Before-After) decision-making recruited) Mortality. Decreased Hospital LoS by 3.7 days (95%Cl: —7.1 -
USA Trauma Ward protocol (150 historical -0.42, p = 0.02),
control group) Reduced odds of pneumonia (OR: 0.12 [95%CI:
0.04-0.34] p<0.001)
Reduced odds of mortality (OR: 0.37 [95%CI:
0.13-1.03] p = 0.06)
Adrales et al. Prospective Before Algorithmic n =61 Prophylactic Duration of ICD insertion was 3 days less than

(2002)[28] and After Study Practice Guideline (Pre-intervention: antibiotic use, preintervention in the post intervention period
Single (Quasi- for ICD 14) Duration of ICD Complication rates were not different between
USA experimental) management in (Post-intervention: insertion pre-and post-intervention phases.
Trauma Ward BTI. 47) Pre-removal In the post implementation phase, there was a
radiography positive reduction in radiology fees ($3000) due
Incidence of to reduced need for pre-ICD removal X-ray
empyema
Recurrent
pneumothorax
and retained
haemothorax
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Table 3
(continued)
Reference:
Single/multi: Description of
Country: Design/Setting: Intervention: Sample Size: Outcome Measures: Key Results:
Wilson et al. Prospective 5 Clinical Pathways  n = 146 Integrated Care 32027 potential variances recorded in BTI group
(2001)[20] Observational developed: (n = 59 with pathway variance 2100 non-applicable variances recorded in BTI
Single Study . primary BTI) analysis (i.e. group
Australia Trauma Ward ® Chest Injury expected Applicability Index = 93.4%
* Head Injury progression Patient Assessment, Pain management, Skin
* Pelvic Injury through care integrity and patient education were the most
e Fractured pathway) appropriate key elements of care.
Femur Discharge Planning, Patient Satisfaction,
¢ Abdominal Treatment and Activity were the least applicable
Trauma

Results from Chest
Pathway included

in review
Sesperez et al. Prospective 5 Clinical Pathways n = 265
(2001) [21] Observational developed: (Stage 1: 89)
Single Study . (Stage 2: 85)
Australia (Before and After) * Chest Injury (Stage 3: 61)
Stage 1: © Head Injury (Withdrew: 3
Pre-intervention * Pelvic Injury
Phase e Fractured
Stage 2: Initial Post Femur
Intervention Phase ¢ Abdominal
Stage 3: Post Trauma
Intervention Phase As per Wilson
Trauma Ward et al.
(2001)[44]Results
from Chest
Pathway included
in review

areas of care.

Integrated Care
pathway variance
analysis

Stage 1:

19555 potential variances recorded in BTI group
1312 observed variance recorded in BTI group
93.3% (95%Cl: 92.9-93.6) outcomes achieved
Stage 2:

20468 potential variances recorded in BTI group
1477 observed variance recorded in BTI group
92.8% (95%CI: 92.4-93.1) outcomes achieved
Stage 3:

9279 potential variances recorded in BTI group
347 observed variances recorded in BTI group
96.3% (95%CI: 95.9-96.6) outcomes achieved

Abbreviations: BTI = Blunt Thoracic Injury; ChIP = Chest Injury Protocol; HFNP = High Flow Nasal Prongs; ICD = Intercostal Drain; LoS = Length of Stay; PCA = Patient

Controlled Analgesics.

and 75.8% to staff related factors. In stage 3, staff related variances
were substantially reduced [21].

Evaluating process and implementation science

One mixed-methods study evaluated the intervention imple-
mentation process and used the outcomes to refine the clinical
pathway [31]. Curtis et al. identified that only 68.4% of eligible pa-
tients were receiving care through the patient pathway-based in-
tervention. Furthermore, using a qualitative staff survey, 25 themes
were identified which influenced the implementation and uptake
of the intervention (15 facilitators and 10 barriers to effective im-
plementation) [31]. These themes included knowledge of the path-
way, positive feedback, beliefs about the benefits of the pathway
and environmental context. After refinement and a relaunch pro-
gramme, uptake of the intervention increased from 68.4% to 91.0%
of eligible patients [31]. This demonstrates how implementation
science underpinning the introduction of a patient pathway-based
intervention can positively impact on uptake in clinical practice.

Discussion

Most pathway-based interventions reported in the literature
have been developed through a process of evidence review and/or
expert opinion. Although there appears to be no consensus in the
literature on the most appropriate approach for pathway devel-
opment, there is evidence that pathways, like other complex in-
terventions, need to be developed and evaluated using a system-
atic theoretical framework. Although not explicitly reported in any
publication included, the Medical Research Council framework for
development and evaluation of complex interventions is one com-
monly used approach [32-34]. Although this systematic review did
not focus on the pathway development process, it is important to

recognise the importance of robust development methods to pre-
cede and underpin effective evaluation processes.

This systematic review identified several patient pathway-based
interventions which were associated with a reduced Hospital LoS
and reduced ICU LoS. Although this was not a consistent find-
ing amongst all included studies, it is consistent with the find-
ing of clinical pathway evaluations in other complex health care
settings [7,9,35-37]. There is evidence that extending a hospital
LoS for any reason is associated with altered patient outcomes,
particularly in older adults [38]. Similarly, the impact of extended
ICU LoS has been well documented in the literature [39-41] and
the variables that impact on ICU LoS is multi-faceted and com-
plex [42-44]. Despite these data, it is important to remember that
ICU LoS is confounded by delayed discharge, and this is often due
to lack of acute care beds where patients should be discharged
within four hours of a decision to discharge [45,46]. Similarly, in
the US, this measure is confounded by long-term care facility bed
provision [47]. Whilst these patients remain on ICU, they con-
tinue to receive critical care and it is not clear how this has im-
pacted on these reported data. More robust methods are needed
when evaluating any patient pathway-based intervention for the
management of blunt thoracic injuries to allow for this potential
artefact.

It is also important to note that the impact of patient pathway-
based interventions are context dependent [48,49]. Although not
measured in the included evaluation studies, there is potential for
contrary outcomes when patient pathway-based interventions are
introduced at different centres. Furthermore, pathways in trauma
care have been criticised for not providing enough flexibility to ac-
count for the diversity in factors such as injury severity and in-
dividual patient characteristics. It is important that any evalua-
tion process considers how well a pathway fits the local popula-
tion and ensures there are sufficient mechanisms in place to allow
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flexibility and targeted patient care [10,50,51]. These factors high-
light the need for site evaluation as part of any evaluation of a
patient pathway-based intervention, particularly in relation to in-
terventions with higher risk or skills requirements.

Curtis et al. identify the importance of effectively embedding
pathways in clinical practice using recognised implementation sci-
ence methods [31]. Several factors have been reported as facili-
tators to effectively embed a pathway in clinical practice. These
include but are not limited to staff engagement at design, imple-
mentation and evaluation phases and ensuring the pathway is con-
text specific [50]. Interestingly, no other authors report consider-
ing the implementation process when presenting or evaluating a
blunt thoracic injury pathway in clinical practice. As these factors
also form a substantial threat to successfully embedding a pathway
in practice, further work is needed to understand how local barri-
ers and facilitators can be built into pathway design, implemen-
tation and evaluation in the trauma sphere. Interestingly, as the
pathway evaluation studies have used cross-sectional approaches
rather than longitudinal methods, we have been unable to identify
if the intervention was successfully embedded in long-term clinical
practice.

It is clear from the literature that evaluation is a key con-
struct in interventional development and although this has been
explicitly stated by a small number of studies, it appears that fur-
ther work is needed to promote the evaluation and refinement
of pathway-based interventions in this area. For the studies that
have evaluated an intervention in relation to patient outcomes, this
is often limited by methodology and design with most of these
studies using retrospective observational designs with small sam-
ple sizes or quasi-experimental design at risk of bias [52]. There is
currently a paucity of experimental research. When assessing the
effectiveness of a complex intervention with multiple components,
there is a substantial risk of heterogeneity in the interaction be-
tween components of the interventions [53]. Although measuring
this was beyond the scope of this review, it remains an important
consideration in the future evaluations of patient pathway-based
intervention in blunt thoracic injury.

Strengths and limitations

The lack of time limit for publication within the search strat-
egy may be considered a potential limitation due to the changes
in clinical practice and management strategies. However, the fo-
cus of this systematic review is on the impact of patient pathway-
based interventions on clinical outcomes rather than the specific
pathway content. It was clear in the development of the protocol
for this systematic review that there would be high levels of het-
erogeneity in the studies included due to the broad inclusion of
outcomes and the diversity in the patient pathway-based interven-
tions that have been included. For this reason, meta-analysis was
not possible, and a process of narrative synthesis was used for data
analysis. The included studies were undertaken in several different
high-income countries making it difficult to assess the generalis-
ability and application of these results locally. Despite these po-
tential limitations, to our knowledge, this study remains the first
systematic review to be undertaken synthesising evidence on pa-
tient pathway-based interventions for blunt thoracic injuries.

Conclusion

Despite some reported improvements in patient outcomes af-
ter the implementation of a patient pathway-based intervention in
blunt thoracic injury care, the quality of the available evidence is
low precluding strong recommendations.
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