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Abstract

Purpose There is growing evidence that patients with certain simple stable musculoskeletal injuries can be discharged
directly from the Emergency Department (ED), without compromising patient outcome and experience. This study aims to
review the literature on the effects of direct discharge (DD) of simple stable musculoskeletal injuries, regarding healthcare
utilization, costs, patient outcome and experience.

Methods A systematic review was performed in Medline, Embase, CINAHL, Cochrane Library and Web of Science using
PRISMA guidelines. Comparative and non-comparative studies on DD of simple stable musculoskeletal injuries from the
ED in an adult/paediatric/mixed population were included if reporting > 1 of: (1) logistic outcomes: DD rate (proportion of
patients discharged directly); number of follow-up appointments; DD return rate; (2) costs; (3) patient outcomes/experiences:
functional outcome; treatment satisfaction; adverse outcomes; other.

Results Twenty-six studies were included (92% conducted in the UK). Seven studies (27%) assessed functional outcome,
nine (35%) treatment satisfaction, and ten (38%) adverse outcomes. A large proportion of studies defined DD eligibility cri-
teria as injuries being minor/simple/stable, without further detail. ED DD rate was 26.7-59.5%. Mean number of follow-up
appointments was 1.00-2.08 pre-DD, vs. 0.00-0.33 post-DD. Return rate was 0.0-19.4%. Costs per patient were reduced by
€69-€210 (ranging from — 38.0 to — 96.6%) post-DD. Functional outcome and treatment satisfaction levels were ‘equal’ or
‘better’ (comparative studies), and ‘high’ (non-comparative studies), post-DD. Adverse outcomes were low and comparable.
Conclusions This systematic review supports the idea that DD of simple stable musculoskeletal injuries from the ED provides
an opportunity to reduce healthcare utilization and costs without compromising patient outcomes/experiences. To improve
comparability and facilitate implementation/external validation of DD, future studies should provide detailed DD eligibility
criteria, and use a standard set of outcomes.

Systematic review registration number: 120779, date of first registration: 12/02/2019.

Keywords Direct discharge - Fracture management - Systematic review - Healthcare utilization - Value-based healthcare -
Fracture

Introduction

Rationale

Traditionally, all patients with musculoskeletal injuries are

< T. H. Geerdink referred to a fracture clinic for further review and treatment,
t.h.geerdink @olvg.nl after initial assessment in an Emergency Department (ED).
. Consequently, fracture clinics are often characterized by
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consequences for patient experience, staff morale, training,
and quality of care [1].

A Virtual Fracture Clinic (VFC) model has been intro-
duced in several hospitals worldwide as an alternative model
of fracture care to regulate access to fracture clinics [2, 3].
This model is increasingly used in the United Kingdom
(UK), but also in the Netherlands, Norway, Australia and
New Zealand [3]. The VFC model comprises two main com-
ponents [2].

First, direct discharge (DD) of patients with relatively
simple stable musculoskeletal injuries. This means patients
are discharged without subsequent review or repeated imag-
ing, supported by self-removable orthoses, discharge leaf-
lets, and a telephone helpline. Second, the establishment
of an individualised management plan for all other patients
during a daily consultant-led VFC review. This process
should further streamline outpatient care and ensure that
each patient is seen at the right time by the most appropri-
ate person [2].

The DD protocols were developed based on studies show-
ing that for several minor self-limiting injuries, casting offers
no benefit over functional treatment [2], and on the assump-
tion that patients with these injuries require reassurance
and information, but do not need to attend a fracture clinic
routinely. However, for DD to be a useful and acceptable
alternative to routine follow-up, patient outcome, patient
experience and complication rates should at least remain
comparable, while healthcare utilizations and consequently
costs are ideally reduced. Despite several independent stud-
ies that were conducted since DD was first established in
2011 [2], an overview of all current evidence regarding DD
is not available.

Objectives

The objective of this study was to systematically review
the literature on the logistic and financial benefits of DD of
patients with simple stable musculoskeletal injuries, as well
as their patient-reported outcome, experience, and adverse
outcomes. To illustrate the possible treatment of a patient
with a simple stable musculoskeletal injury, both before and
after DD, two case samples are provided below.

Case example [—Torus/buckle fracture

A 10-year-old boy presents to the Emergency Department (ED)
complaining of wrist pain after a fall from his bicycle. The patient
is examined by an ED physician or Orthopaedic consultant.
Radiographic imaging of the wrist reveals a torus/buckle type
fracture of the distal radius, without any angulation

Treatment after implementation of
direct discharge

Treatment before implementa-
tion of direct discharge
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Case example I—Torus/buckle fracture

A plaster cast/splint is applied
in the ED

A follow-up appointment is
scheduled in the fracture
clinic in 7 days

After 7 days, the cast/splint
is removed. Bandage and
a sling are applied. Parents
are instructed to remove the
bandage in a few days as pain
allows. No further imaging is
performed

The patient is then discharged
from follow-up with instruc-
tions regarding sports, etc

A removable wrist orthosis is
applied in the ED

Verbal instructions are provided
in the ED with regard to the
injury, recovery, when to
remove the orthosis, when to
contact the hospital, etc

This is also summarized in a
discharge leaflet and/or smart-
phone application

No follow-up appointments are
scheduled

It is allowed to remove the ortho-
sis e.g., to take a shower, and
parents are instructed to per-
manently remove the orthosis
after 7 days

If pain does not allow, then
the orthosis can be used for
another week

A special telephone helpline is
available in case of any ques-
tions or concerns. If neces-
sary, a face-to-face follow-up
appointment is scheduled

Case example II—Fifth metatarsal fracture

A 50-year-old woman presents to the Emergency Department (ED)
complaining of pain on the lateral side of her foot after miss-
ing the last step of the stairs. The patient is examined by an ED
physician or Orthopaedic consultant. Radiographic imaging of
the foot reveals a non-displaced fracture of the base of the fifth
metatarsal bone (i.e., Zone 1/Dancer’s fracture)

Treatment before implementa-
tion of direct discharge

Treatment after implementation of

direct discharge

A plaster cast/splint is applied
in the ED

A follow-up appointment is
scheduled in the fracture
clinic in 7 days

After 7 days, the cast/splint is
removed and a new splint is
applied. The patient is sched-
uled for another appointment
in 5 weeks

After 5 weeks, the splint is
removed and radiographic
imaging is performed. The
radiograph shows first signs
of bone healing

Based on local protocols and
physician preference/exami-
nation, the patient is then
either;

discharged from further follow-
up with instructions regard-
ing sports, etc

reviewed again in a few weeks
to assess functional outcome
and perform radiographic
imaging

A removable orthosis (walker
boot) is applied in the ED

Verbal instructions are provided
in the ED with regard to the
injury, recovery, when to
remove the walker, when to
contact the hospital etc

This is also summarized in a
discharge leaflet and/or smart-
phone application

No follow-up appointments are
scheduled

It is allowed to remove the
orthosis e.g., to take a shower,
patients are instructed to use
the walker for 6 weeks and
wear a supportive shoe

A special telephone helpline is
available in case of any ques-
tions or concerns. If neces-
sary, a face-to-face follow-up
appointment is scheduled, and/
or imaging is performed
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Methods
Protocol and registration

This systematic review was planned, conducted, and
reported using PRISMA guidelines [4]. A study protocol
was registered with the PROSPERO register prior its com-
mencement (registration number: 120779) [5].

Eligibility criteria

Both comparative (i.e., routine care before DD protocols
were adopted compared to DD) and non-comparative stud-
ies (i.e., a DD cohort only) were considered if they featured
DD of one or more musculoskeletal injuries in an adult,
paediatric, or mixed population. Case reports and abstracts
were excluded. There were no restrictions regarding the tim-
ing of the study, nor the duration of follow-up. Only articles
reported in English were included.

Direct discharge was defined as scheduling no routine
follow-up appointment after the ED visit. This could either

Fig.1 Virtual Fracture Clinic
model, explaining the difference
between patients discharged
directly from the Emergency
Department (ED DD), or after
virtual review (VFC DD). ED
emergency department, VFC
virtual fracture clinic

Patient discharged

take place directly after the ED visit (ED DD) or after a
daily ‘virtual’ review (VFC DD, Fig. 1). A single fracture
clinic visit, shortly after attending the ED, was interpreted
as ED DD if the sole purpose of this visit was application
of a removable splint/orthosis. Studies were excluded if any
further information or assessments were part of this visit.
Studies were also excluded if reporting the potential effects
of DD, without actually discharging patients directly. Both
prospective and retrospective studies were included if report-
ing one of the following outcomes:

Logistic outcomes

Logistic outcomes included: (1) proportion of patients dis-
charged directly, (2) number of follow-up appointments, and
(3) number of repeat radiographs during follow-up. If the
number of follow-up appointments was not reported, a study
was also included if it reported a return rate instead (i.e., the
proportion of patients that returned to the hospital despite
being discharged directly).

Patient in ED with
musculoskeletal

without follow-up
(ED DD)

Direct discharge
(DD cohort)

injury
I All other patients
VFC review
Review next
work day in
VFC

Patient discharged

by telephone
after virtual review
(VFC DD)

Follow-up needed
(VFC FU)

>1 follow-up
appointments
scheduled
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Financial outcomes

Financial outcomes included any report on costs, for instance
healthcare costs, societal costs etc.

Patient outcomes

Patient outcomes included any patient-reported experience/
outcome measures (PREMs/PROMs) and adverse outcomes.

Information sources

Medline, Embase, CINAHL, Cochrane Library and Web of
Science databases were searched from inception to 15 Janu-
ary 2020. A limited update literature search was performed
on 6 August 2020. Reference lists of included studies were
scanned to ensure literature saturation.

Search

The electronic search strategy was developed by a health
librarian and peer-reviewed by another librarian. Medical
subject headings (MeSH) were used in Medline and com-
plemented by text words related to DD and (virtual) frac-
ture clinic redesign. This search strategy was then trans-
lated for the other databases. The PICO strategy and the full
electronic search of Medline are reported in Tables S1 and
Table S2, respectively.

Study selection

Two review authors (THG and JV) independently screened
the titles and abstracts yielded by the search against the
inclusion criteria. Full texts were obtained if studies
appeared to meet the inclusion criteria, or in case of uncer-
tainty. All reasons for exclusion were recorded. Reviewing
authors were not blinded to the journal titles, study authors
and institutions.

Data collection process

A data extraction sheet was developed and pilot-tested on
five randomly selected included studies, and refined accord-
ingly. Data from the included studies were extracted by one
author (THG) and checked by another (JV).

Data items

The following data items were collected for all included
studies: country; year; design; sample size; injury/injuries
studied; eligibility criteria for DD; population (adult/paedi-
atric); study period. If reported, the distribution of patients
across the various parts of the VFC model (i.e., ED DD;

@ Springer

VEFC DD or VFC follow-up, Fig. 1) was extracted and sum-
marized in Table S3. Information on the type of immobiliza-
tion used before and after DD protocols were implemented
was extracted and summarized in Table S4.

The following data items were extracted if available: the
proportion of patients discharged directly; number of follow-
up appointments; return rate; number of repeat radiographs;
costs; functional outcome score; any other PROMs or
PREMs measured; any adverse outcomes reported. Method
of assessment, timing and response rate (if applicable) were
collected for all outcomes of interest. Missing information
was scored as ‘not reported’. Authors were contacted if fur-
ther information or confirmation of data was required.

In some studies, only part of the intervention cohort con-
sisted of patients who were discharged directly (e.g., if the
effects of the whole VFC model as a whole was assessed,
rather than the effect of DD in particular; Fig. 1). For those
studies, if possible, we extracted logistic outcome and adverse
outcome data only for the patients who were discharged
directly (DD cohort). If this was not possible, data were only
extracted if >75% of patients within the intervention cohort
were discharged directly. Costs and PREMs/PROMs data were
extracted and only included in the main analysis if reported
specifically for patients discharged directly (DD cohort).

Risk of bias in individual studies

Two reviewers (THG and JV) independently assessed risk
of bias using the Cochrane risk-of-bias tool for randomized
controlled trials [6], and the Newcastle-Ottawa Quality
Assessment Scale (NOS) for non-randomized studies [7]. A
modified NOS was used to assess non-comparative studies.
Following the manuals of the tools, studies were scored as
either having a “low”, “medium”, “high” or “unclear” risk
of bias.

Disagreements regarding study selection, data collection
or risk-of-bias assessment were resolved through discussion
or by consulting a third author (JCG).

Summary measures

To summarize the results, various outcome-specific sum-
mary measures were estimated based on the extracted data,
including: (1) logistic outcomes: DD rate (proportion of
patients discharged directly); mean number of follow-up
appointments, and in case of a comparative study the mean
reduction; mean repeat radiographs, (2) financial outcomes:
costs as reported, and in case of a comparative study, the
absolute and proportion difference in euro (€) and %, respec-
tively, (3) patient outcomes: functional outcome score using
a validated multi-item questionnaire; satisfaction with treat-
ment; number and rate of adverse outcomes divided in non-
union, secondary surgery, and other.
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Synthesis of results

We chose not to pool data via meta-analysis due to high
levels of clinical and methodological heterogeneity. For all
outcomes, findings were, therefore, presented narratively
and in summary tables.

Results
Study selection

The search identified 5872 unique records, 5668 of which
were excluded after screening title and abstract. A further
184 studies were excluded after reading full texts. Six addi-
tional studies were included after scanning reference/citation
lists and an updated search. Figure 2 shows the selection
process and an overview of the reasons for exclusion.

Two studies were based on the same cohort [2, 8]. In both
studies, the only outcome relevant for this systematic review
was the DD rate. Therefore, we did not exclude one as dupli-
cate, but merged the results of these studies in the corre-
sponding table. Another study described results for three
types of injuries separately [9]. Therefore, the results of this
study were summarized per injury separately in all tables.

Study characteristics

Ten studies (38%) compared DD to routine care [8—17],
whereas 16 (62%) studies did not have a control cohort [1,
2, 18-31]. Twenty-four studies (92%) were conducted in
the UK and two in New Zealand (8%) [25, 26]. The patient
population was described in 22 studies (85%), whereas 4
(15%) did not describe the study population. One study
included an adult population, seven a paediatric popula-
tion, and 14 a mixed population. Twelve studies included a
single injury (46%) and 14 (54%) multiple injuries. The 26
studies included a total of 38,506 patients, 3832 of which
were assessed before implementing any changes (con-
trol cohort) and 34,674 patients thereafter (intervention
cohort). Of these 34,675 patients, 11,133 were discharged
directly (DD cohort).

A detailed description of the eligibility criteria for DD
was reported in ten studies (Table 1) [9-11, 13, 16, 17,
25, 26, 28, 31].

Risk of bias within studies
Risk of bias was “low” in fifteen studies, “high” in four

studies and “unclear” in the remaining seven studies
(Table S5).

Results of individual studies
Logistic outcomes

In 10 studies, the intervention cohort consisted exclusively
of patients discharged directly. Hence, a DD rate could
not be estimated. In the remaining 16 studies, the DD rate
ranged from 18.2 to 97.9% (Table 2). Of these 16 studies,
three reported a DD rate as a proportion of all patients that
attended the ED with a musculoskeletal injury. The DD rate
in these studies was 26.7%, 59.5% and 33.3%, respectively
[1, 8, 30].

The mean number of follow-up appointments was
reported in eleven studies, and ranged from 1.00 to 2.08
in the control cohort vs. 0.0-0.33 after implementing DD
(Table 3). In the comparative studies, the mean reduction of
follow-up appointments ranged from 1.00 to 1.78 appoint-
ments per patient.

Twelve studies determined a return rate of patients after
DD. Brooksbank et al. found 19.7% of patients that sustained
a mallet finger injury to return after DD [21]. All other stud-
ies reported a return rate of less than 10%.

The mean number of repeat radiographs was reported in
five studies [9, 10, 17, 22, 24, 25]. Of the two comparative
studies, Mackenzie et al. reported a mean reduction of 0.34,
0.17 and 0.79 radiographs per patient, in patients with fifth
metacarpal neck, fifth metatarsal and radial head fractures,
respectively [9]. Seewoonarain et al. found a mean reduction
of 1.00 radiograph per patient with a torus wrist fracture
[17]. In three non-comparative studies, the mean number
of repeat radiographs in the DD cohort was 0.0 based on a
return rate of 0% [22, 24, 25].

Financial outcomes

Six studies estimated costs with reductions ranging from €69
to €210 per patient after implementing DD (Table 4) [9, 13,
17,22, 25, 26].

Patient outcomes

Seven studies assessed functional outcome using a validated
questionnaire, including four non-comparative and three
comparative studies (Table 5). The three comparative stud-
ies found equal functional outcome scores before and after
implementing DD [9, 11, 13]. Of them, Mackenzie et al.
reported significantly better QuickDASH scores at 6 months
within the DD subgroup of patients with fifth metacarpal
fractures [9]. All four non-comparative studies reported
good recovery in terms of functional outcome based on
QuickDASH scores within the DD cohort.
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Fig.2 Flowchart depicting article screening and inclusion

Satisfaction with treatment was reported by nine stud- et al. found that patients with fifth metacarpal neck frac-
ies, five of which were comparative and four were non-  tures were more satisfied after DD compared to patients
comparative (Table 6). Of the comparative studies, Bansal  that were followed-up [5.1 vs. 7.0 on a 1 (very dissatisfied)
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Table 2 Number of patients discharged directly in the intervention cohort

Study Injury DD cohort DD rate; % Relative to all patients with
size; n

Comparative

Abdelmalek [10] SMC neck Fx 6 22.2 5MC neck fractures

Bansal [11] SMC neck Fx 38 n/a -

Ferguson [12] SMT Fx 280 82.6 SMT fractures

Hamilton [13] Paediatric forearm Fx 159 n/a -

Kelly [14] Multiple 45 18.2 Minor trauma injuries

Khan [15] Torus Fx wrist 69 n/a -

Mackenzie [9] 5MC Fx 88 n/a -

SMT Fx 87 n/a -
Radial head/neck Fx 114 n/a -

Matthews [16] Paediatric clavicle Fx 18 78.3 Paediatric zone 2 (midshaft) clavicle fractures

Seewoonarain [17] Torus Fx wrist 33 75.0 Torus fractures of the distal radius
Vardy/Jenkins [2, 8] Multiple 3802 59.5 Musculoskeletal injuries in the ED not requir-

ing immediate admission

Non-comparative

Bhattacharyya [18] Clavicle Fx 62 44.9 Clavicle fractures

Breathnach [19] Multiple 42 26.8 Any type of fracture

Brogan [20] SMT Fx 499 75.3 SMT fractures

Brooksbank [21] Mallet finger 46 97.9 Mallet finger injuries

Callender [22] Torus Fx wrist 119 n/a -

Evans [23] Hand/wrist injuries 54 18.6 Hand/wrist injuries

Gamble [24] SMC Fx 167 n/a -

Gleeson [25]—I1 Torus Fx wrist; paediatric clavicle Fx 61 n/a -

Gleeson [26]—I1 SMC neck, SMT base, Weber A Fx 33 n/a -

Ibrahim [27] Hand/wrist injuries 38 38.0 Hand/wrist injuries

Jayaram [28] Radial head/neck Fx 182 90.1 Mason type 1 or 2 radial head/neck fractures

Little [29] Hand/wrist injuries 968 26.1 Hand injuries

O’Reilly [30] Multiple 901 33.3 Musculoskeletal injuries in the ED

Robinson [31] Multiple paediatric 229 n/a -

White [1] Multiple 3222 26.7 Musculoskeletal injuries in the ED

If studies reported exclusively on outcomes in patients that were discharged directly, a direct discharge rate could not be determined (n/a/)
SMC fifth metacarpal, SMT fifth metatarsal, DD direct discharge, ED emergency department, FU follow-up, Fx fracture, n/a not applicable, VFC

virtual fracture clinic

to 10 (very satisfied) rating scale] [11]. Three studies
reported no difference in satisfaction before and after
implementing DD, without providing any rates [13, 15,
16]. Mackenzie et al. found high satisfaction rates before
and after implementing DD (95% vs. 98% using a yes/
no “are you satisfied with treatment” question) [9]. The
four non-comparative studies all assessed satisfaction
rates based on a Likert satisfaction scale, and satisfaction
ranged from 84.9 to 100% [21, 24, 25, 29].

All other PROMs and PREMs that were reported in
the individual studies are summarized in Table S6. These

included, amongst others, satisfaction with recovery and
whether patients had visited other clinicians such as their
general practitioner for the treatment of their injury.

Non-union-rate was reported by three studies (Table 7),
ranging from 0.0 to 0.9% in the control cohort vs.
0.0-2.3% in the DD cohort [9, 12, 20]. Secondary surgery
rates were reported in two comparative studies and three
non-comparative studies, ranging from 0.0 to 1.1% in the
control cohort [9, 12], [9, 12, 18, 20, 28] vs. 0.0-2.3% in
the DD cohort [9, 12, 18, 20, 28]. Four non-comparative
studies reported that ‘no adverse outcomes’ occurred [22,
23,27, 31].
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Table 3 Logistic outcomes

Study Injury Number of appoint- Mean reduction Returned after DD Repeat radio-
ments; mean graphic images;
mean
Control DD Rate; % Control DD
Comparative
Abdelmalek [10] 5SMC neck Fx 1.33 0.0 1.33 0.0 NR 0.0
Bansal [11] 5SMC neck Fx 1.83 0.05 1.78 5.3 NR NR
Ferguson [12] SMT Fx 1.76 <0.30% 1.46 2.5 NR NR
Hamilton [13] Paediatric forearm Fx 1.05 0.02 1.03 1.3 NR NR
Mackenzie [9] SMC Fx 1.08 0.08 1.00 NR 0.4 0.06
SMT Fx 2.08 0.33 1.75 NR 0.3 0.13
Radial head/neck Fx 1.25 0.22 1.03 NR 1.1 0.31
Seewoonarain [17] Torus Fx wrist 1.00 0.0 1.00 0.0 1.0 0.0
Non-comparative
Bhattacharyya [18] Clavicle Fx 0.02 1.6 NR
Brogan [20] SMT Fx <0.17%:* NR NR
Brooksbank [21] Mallet finger NR 19.4 NR
Callender [22] Torus Fx wrist 0.0 0.0 0.0
Gamble [24] SMC Fx 0.0 0.0 0.0
Gleeson [25]—I Torus Fx wrist; clavicle Fx 0.0 0.0 0.0
Jayaram [28] Radial head/neck Fx NR 1.1 NR
Robinson [31] Multiple NR 9.2 NR

5SMC fifth metacarpal, SMT fifth metatarsal, DD direct discharge, Fx fracture, NR not reported
*Was determined in a cohort of 339 patients, 82.6% of which were discharged directly

**Was determined in a cohort of 663 patients, 75.3% of which were discharged directly

Discussion
Summary of evidence

This systematic review supports the idea that patients with
certain simple and stable injuries can be discharged directly
from the ED without compromising patient outcome. This
suggests that DD offers an opportunity to alleviate fracture
clinic workload by reducing unnecessary appointments and
consequently healthcare costs. This will allow physicians to
spend more time on patients with more complex injuries,
teaching, training, or improving standards of care.
Frequently, studies, including several systematic reviews
performed recently [32—34], report on the effects of the VFC
model as a whole. This model includes both DD of sim-
ple stable musculoskeletal injuries, as well as a daily VFC
review, consequently including more complex injuries that
require follow-up (Fig. 1) [1, 2, 8, 33]. This limits the ability
to independently assess the feasibility, efficacy and safety of
DD of simple stable musculoskeletal injuries as a solitary
concept. To our knowledge, this is the first systematic review
to focus exclusively on DD of simple stable musculoskeletal

@ Springer

injuries. Herewith, it provides an extensive and critical eval-
uation of all evidence currently available.

Logistic outcomes

The DD rate as a proportion of all patients in the ED with
a musculoskeletal injury ranged from 18 to 59.5% [1, 2, 8,
14, 30]. This is a remarkably large variation, and despite
the studies’ lack of detail on their DD eligibility criteria,
this variation is most likely caused by a combination of:
(1) differences in the definition of ‘all musculoskeletal inju-
ries’ (i.e., including contusions, wounds, soft-tissue injuries,
or not), (2) differences in the kinds of injuries discharged
directly, and (3) differences in the period since the DD pro-
tocols were first implemented [31]. Regardless of this vari-
ation, when implemented, DD will concern a large number
of patients with musculoskeletal injuries that are seen fre-
quently in an ED. This is an important factor to determine
the logistic level of impact on a fracture clinic. Among the
included comparative studies in this systematic review, the
mean reduction in the number of follow-up appointments
after DD ranged from 1.00 to 1.78 after DD.
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Table 4 Financial outcomes in three comparative and three non-comparative studies

Study

Injury

How were costs
calculated

Costs per patient
before DD

Costs per patient
after DD

Alpatient; € A/patient; % Sig.

Comparative
Hamilton [13]

Mackenzie [9]

Seewoonarain
[17]

Non-comparative
Gleeson [25]—I

Gleeson [26]—I1

Callender [22]

Paediatric forearm
Fx

SMC Fx

SMT Fx
Radial head/neck

Fx

Torus Fx wrist

Torus Fx wrist;
Paediatric clavicle
Fx

Multiple

Torus Fx wrist

Costs resulting Mean GBP 261.04
from clinic visits,

MIU visits, GP

visits, telephone

contacts, plaster

room contact, use

of immobilization
materials
National Health Median GBP
Service secondary  139.83 (86.1-
care cost analysis, 288.69)
including staffing,
operation and
radiology costs
Similar Median GBP
297.74 (210.39—
385.15)
Similar Median GBP
167.11 (127.16—
257.23)

Costs result- Mean GBP 163.82
ing from clinic

visits and material

costs, staffing

costs

Financial savings
as quantified by
business analyst.
Unclear descrip-
tion of exact
calculation

Financial savings
as quantified by
business analyst.
Unclear descrip-
tion of exact
calculation

Simple estimation =~ Mean GBP 162.11
of costs from

outpatient clinic

visits and soft

cast material

costs, compared

to estimation of

previous situation

Mean GBP 16048 —€11,157 —38.5%

Median GBP 12.17 - €14,164 —91.3%
(0.58-21.02)

Median GBP —€204,58 —61.9%
113.35 (4.48-
316.72)

Median GBP 28.97 — €15326 - 82.7%
(9.82-44.23)

Mean GBP 101.60 — €6903 —38.0%

NZD - 379.88 per — €21,028 -
clavicle visit —€12,993 -2

NZD — 223.88 per
buckle visit

NZD -379.88 per ~ —€21,028 -
visit

Mean GBP 5.50 - €17,376  —96.6%

<0.001

NR

NR

NR

NR

Studies that reported on costs within the DD cohort. The difference between the cohort before implementing DD and after implementing
DD were calculated per patient. The conversion rates to EUR (€) at the time of calculation were: 1 GBP=EUR 1.10949 and 1 NZB=EUR
0.553554. 5MC fifth metacarpal, SMT fifth metatarsal, DD direct discharge, EUR Euro’s, Fx fracture, GBP Great Britain Pounds, GP general
practitioner, MIU minor injury unit, NR not reported, NZD New Zealand Dollars, RH radial head, Sig. significance level

#Not reported as percentage as only post-DD costs, and no pre-DD costs were provided
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Table 6 Satisfaction with treatment before and/or after direct discharge

Sig.

DD

Control

Assessment

Injury

Study

Experience measure

Resp. rate; %

Resp. rate; % Score

‘When Score

How

Assessed by

Comparative

0.04

7.0 (SD 1.4)

5.1(SD 1.9) NR

12w
6m

Phone

Scale 1 (VD) to -10 (VS)

5MC neck Fx

Bansal [11]

Satisfaction with treat-

%)
Z

88.1

‘No difference’

93.7

‘No difference’

Post

Paediatric forearm Fx Seven domain satisfaction,

Hamilton [13]

ment

Likert
NR

NR

Majority satisfied 100

>6m NR

NR

Clavicle Fx

Matthews [16]
Khan [15]

~
Z

100
72.3

‘Highly satisfied’

98% S

4-5w Highly satisfied 100

Phone
NR

Scale 1 (VD) to -10 (VS)

Yes/no question

Torus Fx wrist

~
Z

56.4

95% S

6 m

5SMC, 5SMT, RHFx

Mackenzie [9]

Non-comparative

59.0
45

84.9% VS or S
100% VS or S
100% VS or S

Post/phone >1y

Likert scale
Phone

5MC Fx
Gleeson [25]—I Torus Fx, clavicle Fx Likert scale

Brooksbank [21] Mallet finger

Gamble [24]
Little [29]

Satisfaction with treat-

9
.0

94.0

36w
ly

Post/phone >6 m

ment

77

Post

Likert scale

99.3% VS or S

Likert scale

Hand/wrist injuries

Studies that reported on satisfaction with treatment or treatment outcome. SMC fifth metacarpal, SMT fifth metatarsal, Fx fracture, m months, NR not reported, NS not significant, S satisfied, SD

standard deviation, Sig. significance level, VD very dissatisfied, VS very satisfied, w weeks, y year(s)

Financial outcomes

All studies that estimated financial effects found DD to
reduce healthcare costs. However, cost-analyses were lim-
ited to relatively simple estimations of fracture clinic costs,
such as material costs, radiology costs and staffing costs.
Hence, other important cost categories, such as other health-
care costs, (unpaid) productivity costs, and possibly informal
care costs were not included. While it seems evident that
healthcare costs reduce when healthcare utilization reduces,
these results should be interpreted in a national context, as
different healthcare payment systems are in place in each
country. Furthermore, full economic evaluations, preferably
from a broader healthcare perspective or a societal perspec-
tive, are needed to estimate the cost-effectiveness of DD
compared with usual practice.

Patient outcomes

All comparative studies reported ‘as good’ or ‘better’
functional outcome and satisfaction with treatment in the
DD cohort compared to patients treated before DD pro-
tocols were implemented. The non-comparative studies
also reported high levels of satisfaction and satisfactory
functional outcome. Of the included studies, Bhattacharyya
et al. reported a relatively high mean QuickDASH after DD
of patients with a clavicle fracture [18], but this is within
the range of the normative values of this questionnaire [35].

Non-union and secondary surgery rate were reported in
fifth metatarsal fractures [9, 12, 20], fifth metacarpal frac-
tures [9], radial head fractures [9, 28], and clavicle fractures
[18]. These rates were low and comparable in all cohorts. The
DD model is established around the idea that a large propor-
tion of patients are well able to manage their recovery inde-
pendently, if adequately instructed. This model also appreci-
ates that some patients will have concerns or persisting pain,
and an even smaller number might develop complications
like non-union. However, these problems would have prob-
ably also occurred despite routine follow-up, and the major-
ity of patients recover without any issues. Follow-up should,
therefore, not solely serve as a safety net to identify those
patients with concerns, or complications that might occur
in 1-2%. Rather, our results emphasize the importance of
instructing patients when to contact the hospital, and of pro-
viding an open access helpline in case of any concerns. This
helpline should always be part of the DD model, with sub-
sequent face-to-face review in a fracture clinic if necessary.

Limitations

This review should be regarded in light of the following
limitations. First and foremost, there was high clinical

@ Springer
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Table 7 Adverse outcomes

Outcome Study Injury Assessment Outcome; n (%), reason if available Sig.
How When Control DD
Comparative
Non-union rate Ferguson [12] SMT Fx EPR evaluation >1y 1(0.4), zone 1 2 (0.6), one Jones, NS
fracture* one proximal dia-
physeal fracture*
Mackenzie [9] 5SMC Fx EPR evaluation 3y 0(0.0) 0(0.0) -
SMT Fx EPR evaluation 3y 1(0.9) 2(2.3) NR
Radial head/neck Fx EPR evaluation 3y 0(0.0) 0(0.0) -
Secondary surgery  Ferguson [12] SMT Fx EPR evaluation >1y 3(1.1), 1 non-union, 2 (0.6), both non- NS
rate 2 refracture* union*
Mackenzie [9] SMC Fx EPR evaluation 3y 0(0.0) 0(0.0) -
SMT Fx EPR evaluation 3y 1 (0.9, non-union) 2 (2.3), both non- NR
union
Radial head/neck Fx EPR evaluation 3y 0(0.0) 0(0.0) -
Non-comparative
Non-union rate Brogan [20] SMT Fx EPR and PACS >6m 8 (1.2) Jones type*
5(0.75) asymp-
tomatic zone 1
fractures in DD
cohort
Secondary surgery  Bhattacharyya[18] Clavicle Fx EPR evaluation ly 0(0.0)
rate Brogan [20] SMT Fx EPR and PACS >6m 1 (0.15), sympto-
matic non-union
Jayaram [28] Radial head/neck Fx NR >6m 1 (0.5) in DD cohort,
malunion Mason II
fracture
Other Breathnach [19] Multiple NR 1824 m 1 (0.64) poor clinical
outcome, referred
to physiotherapist
Callender [22] Torus Fx wrist NR NR ‘No adverse events
or clinically sig-
nificant complica-
tions’
Evans [23] Hand/wrist injuries ~ Survey NR ‘No complications of
treatment’
Ibrahim [27] Hand injuries Hand therapist NR ‘No adverse out-
comes’
Robinson [31] Multiple EPR review >1m ‘No serious adverse

outcomes’

SMC fifth metacarpal, SMT fifth metatarsal, d days, DD direct discharge, EPR electronic patient record, Fx fracture, m months, NR not reported,
NS not significant, Sig. statistically significant difference, w weeks, y year(s), * it was not reported if these patients had initially been discharged

directly

and methodological heterogeneity amongst the included
studies. As a consequence, we were not able to perform a
meta-analysis.

Second, most studies were non-randomized and are
therefore prone to selection bias, especially in retrospective
cohort studies. Randomization at an individual patient level
might not always be feasible for treatment redesigns like
DD. However, other methods to reduce confounding effects
of systematic differences in baseline characteristics were
not used, including institutional cluster-randomization, or

@ Springer

advanced statistical techniques such as a propensity score
matching or weighting.

Third, only seven studies (27%) assessed functional out-
come within the DD cohort using a validated questionnaire,
only nine studies (35%) assessed patient satisfaction with
treatment and only ten studies (38%) assessed adverse out-
comes. Moreover, there was a large variety of other patient-
reported outcomes/experiences measured, with methodol-
ogy of assessment ranging from use of Likert scales, simple
yes/no questions, and 1-10 rating scales. Furthermore,
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with regard to logistic outcomes, the extent to which the
included studies assessed whether patients visited their GP
or another hospital/clinician for further treatment was lim-
ited (Appendix Table S6). However, only non-comparative
studies assessed this, while comparative studies would be
needed to indicate whether DD increases GP visits or visits
to another hospital/clinician.

Fourth, several studies have reported high numbers of
patients discharged directly, but this far exceeds the number
of patients in which logistic, financial and patient outcomes
have actually been evaluated. To illustrate, Glasgow Royal
Infirmary have discharged 3802 patients in the first year
alone [2], while a later study reported that 30,000 patients
were treated successfully since the implementation of their
VEC pathway, 65% of which were discharged directly [36].
White et al. studied a cohort of 12,069 patients, 3222 of
which were discharged directly [1]. Despite these figures,
this systematic review included ‘only’ 2137 patients in the
DD cohort to assess logistic outcomes, with even smaller
sample sizes for patient outcomes. In other words, there
appears to be a gap between clinical practice and evidence
base. Additionally, in 62% of the included studies, a clear
description of the eligibility criteria for DD was not included
and often limited to ‘simple’, ‘minor’ or ‘stable’ injuries.
Altogether, this complicates implementation and external
validation of DD in other hospitals.

Fifth, most studies were conducted in the UK hence, the
generalizability to other countries might be limited depend-
ing on the similarity of their healthcare system with that of
the UK, e.g., whether extensive low-threshold public health-
care is available. Different baseline levels of effectiveness
of care prior to DD, based on local protocols, might cause
logistic outcomes to be different, and patient” mindset might
result in different patient experiences or outcome, as well as
patient’s acceptance of DD without further care.

Last, most studies did not report a priori sample size cal-
culations based on the minimal clinical important differ-
ence of a predefined primary outcome, such as satisfaction
or function. Despite the significant reductions in appoint-
ments, sample sizes were often relatively small and, there-
fore, lacked statistical power to determine a change in patient
experience, outcome or complications.

Future implications

Future studies on DD should be prospective, comparative
and include subgroup analysis of each injury eligible for DD.
We propose the minimum set of outcome variables of such
studies to include: mean number of follow-up appointments,
whether patients visited their GP or other hospital, func-
tional outcome using a validated questionnaire, satisfaction
using visual analogue scales as well as Likert point scales,
and non-union/secondary surgery rates after at least 1 year.

Furthermore, future studies should also focus on fine-
tuning the DD treatment protocols by assessment of out-
comes within specific patient sub-groups (i.e., based on
age, comorbidity, injury subgroup, etc.). If such analyses
indicate that specific patient characteristics are predictive
of, for example, high levels of return for follow-up, dis-
satisfaction or low functional outcome, treatment protocols
should be adjusted accordingly. Preferably, a multicentre
database is be established to this end, as it is likely neces-
sary to have a relatively large sample size in order to have
sufficient power to conduct such subgroup analyses.

Based on the high remodelling capacity and low rate
of non-union in children [37], it is highly likely that DD
is also a safe alternative for several stable paediatric inju-
ries. However, Robinson et al. were the only authors to
report on DD of paediatric injuries, other than paediat-
ric clavicle and torus wrist fracture, exclusively within a
paediatric cohort [31]. Future studies could focus on the
identification of additional minor and stable injuries that
can be discharged directly, both in the adult and paediatric
population.

Conclusions

Despite the clinical and methodological heterogeneity
of the included studies in this systematic review, DD of
several simple and stable injuries seems to be an effec-
tive alternative to routine follow-up, which does not seem
to compromise patient outcome. Future studies on DD of
those as well as other injuries should use a standard set of
baseline and outcome variables to improve comparability
and facilitate implementation and testing of external valid-
ity in other hospitals, especially in countries other than the
UK with different healthcare systems.
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tary material available at https://doi.org/10.1007/s00068-021-01784-z.

Acknowledgements The institution of the authors affiliated with
OLVG Hospital has received funding to support this work by an unre-
stricted grant from a health insurance company, Zilveren Kruis Ach-
mea, Leiden, the Netherlands, grant number: WN-2019-060.

Author contributions JCG was the guarantor, THG, JV, IMvD, RvV,
RH and JCG drafted the manuscript. All authors contributed to the
development of the selection criteria and data extraction criteria. THG,
JV and JCG are responsible for the systematic search and the risk-
of-bias assessment strategy. THG developed the search strategy. All
authors read, provided feedback and approved the final manuscript.

Funding The institution of the authors affiliated with OLVG Hospital
has received funding to support this work by an unrestricted grant
from a health insurance company, Zilveren Kruis Achmea, Leiden, the
Netherlands, Grant number: WN-2019-060.

@ Springer


https://doi.org/10.1007/s00068-021-01784-z

2604

T. H. Geerdink et al.

Data availability All data are available upon reasonable request.

Code availability Not applicable.

Declarations

Conflict of interest All authors have completed the ICMJE uniform
disclosure form at www.icmje.org/coi_disclosure.pdf and declare:
apart from the unrestricted grant, the authors have nothing to declare;
no financial relationships with any organizations that might have an
interest in the submitted work in the previous 3 years; no other rela-
tionships or activities that could appear to have influenced the submit-
ted work.

Ethics approval Not applicable.
Consent to participate Not applicable.

Consent for publication Not applicable.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. White TO, Mackenzie SP, Carter TH, Jefferies JG, Prescott OR,
Duckworth AD, et al. The evolution of fracture clinic design : the
activity and safety of the Edinburgh Trauma Triage Clinic, with
one-year follow-up. Bone Joint J. 2017;99-B:503-7.

2. Jenkins PJ, Gilmour A, Murray O, Anthony I, Nugent MP, Ire-
land A, et al. The Glasgow fracture pathway: a virtual clinic. BJJ.
2014;395:22-4.

3. Fracture Clinics for the Future. 2020. p. 2020.

4. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew
M, et al. Preferred reporting items for systematic review and
meta-analysis protocols (PRISMA-P) 2015 statement. Syst Rev.
2015:4:1.

5. Geerdink TH, Verbist J, Goslings JC. Direct discharge from the

Emergency Department versus routine follow-up of patients with

simple stable injuries: a systematic review of the current literature.

Cochrane Handbook for Systematic Reviews of Interventions2019.

7. Wells GA, Shea B, O’Connell D, Peterson J. The Newcastle-
Ottawa Scale (NOS) for assessing the quality of nonrandomised
studies in meta-analyses. Ottawa: Ottawa Hospital Research Insti-
tute. 2000;7.

8. Vardy J, Jenkins PJ, Clark K, Chekroud M, Begbie K, Anthony
I, et al. Effect of a redesigned fracture management pathway
and ‘virtual’ fracture clinic on ED performance. BMJ Open.
2014;4:005282.

9. Mackenzie SP, Carter TH, Jefferies JG, Wilby JBJ, Hall P, Duck-
worth AD, et al. Discharged but not dissatisfied: outcomes and
satisfaction of patients discharged from the Edinburgh Trauma
Triage Clinic. Bone Joint J. 2018;100-B:959-65.

a

@ Springer

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

. Abdelmalek A, Harrison E, Scott S. Closed fifth metacarpal neck

fractures: do they need to be seen in fracture clinic? An emergency
department pathway for assessment, management and criteria for
fracture clinic referral. Trauma. 2014;17:47-51.

Bansal R, Craigen MA. Fifth metacarpal neck fractures: is follow-
up required? J Hand Surg Eur. 2007;32:69-73.

Ferguson KB, McGlynn J, Jenkins P, Madeley NJ, Kumar CS,
Rymaszewski L. Fifth metatarsal fractures—is routine follow-up
necessary? Injury. 2015;46:1664-8.

Hamilton TW, Hutchings L, Alsousou J, Tutton E, Hodson E,
Smith CH, et al. The treatment of stable paediatric forearm frac-
tures using a cast that may be removed at home: comparison with
traditional management in a randomised controlled trial. Bone
Joint J. 2013;95-B:1714-20.

Kelly M, O’Keeffe N, Francis A, Moran C, Gantley K, Doyle
F, et al. Connolly Hospital Trauma Assessment Clinic (TAC): a
virtual solution to patient flow. Ir J Med Sci. 2020;189:425-9.
Khan KS, Grufferty A, Gallagher O, Moore DP, Fogarty E, Dowl-
ing F. A randomized trial of ‘soft cast’ for distal radius buckle
fractures in children. Acta Orthop Belg. 2007;73:594-7.
Matthews AH, Boyd M, Bott AR, Metcalfe JE. Improving emer-
gency department management of paediatric clavicle fractures: a
complete audit cycle. Br J Hosp Med (Lond). 2014;75:287-9.
Seewoonarain S, Babu S, Sangoi D, Avasthi A, Ricketts D.
Introducing a virtual fracture clinic increases efficiency and
reduces costs in torus fracture management. Pediatr Qual Saf.
2019;4:e202.

Bhattacharyya R, Jayaram PR, Holliday R, Jenkins P, Anthony I,
Rymaszewski L. The virtual fracture clinic: reducing unnecessary
review of clavicle fractures. Injury. 2017;48:720-3.

Breathnach O, O’Reilly M, Morrissey K, Conlon B, Sheehan E.
Electronic referrals for virtual fracture clinic service using the
National Integrated Medical Imaging System (NIMIS). Ir ] Med
Sci. 2019;188:371-7.

Brogan K, Bellringer S, Akehurst H, Gee C, Ibrahim N, Cas-
sidy L, et al. Virtual fracture clinic management of fifth metatar-
sal, including Jones’, fractures is safe and cost-effective. Injury.
2017;48:966-70.

Brooksbank K, Jenkins PJ, Anthony IC, Gilmour A, Nugent MP,
Rymaszewski LA. Functional outcome and satisfaction with a
“self-care” protocol for the management of mallet finger injuries:
a case-series. J Trauma Manag Outcomes. 2014;8:21.

Callender O, Koe S. Using Softcast to treat torus fractures in a
paediatric emergency department using Softcast to treat torus
fractures in a Paediatric Emergency Department. Irish Med J.
2015:23-5.

Evans D, Hardman J, Middleton SD, Anakwe RE. Developing a
virtual fracture clinic for hand and wrist injuries. J Hand Surg Eur.
2018;43:893-4.

Gamble D, Jenkins PJ, Edge MJ, Gilmour A, Anthony IC, Nugent
M, et al. Satisfaction and functional outcome with “self-care”
for the management of fifth metacarpal fractures. Hand (N Y).
2015;10:607-12.

Gleeson L, Murray O. Fracture clinic redesign in the Ed: Breaking
the Mould. Emergency Nurse New Zealand. 2016:P14-P7.
Gleeson L, Murray O. Fracture clinic redesign in the Ed: Break-
ing the Mould. Part Two: Weber A, 5TH Metacarpal and 5TH
ETATARSAL FRACTURES. Emergency Nurse New Zealand.
2016:P12-P5.

Ibrahim A, Jordan DJ, Khan MAA, Lowrie AG. The virtual hand
clinic: its use in optimizing trauma footfall in a hand trauma unit.
2018. p. 564-6.

Jayaram PR, Bhattacharyya R, Jenkins PJ, Anthony I, Rymasze-
wski LA. A new “virtual” patient pathway for the manage-
ment of radial head and neck fractures. J Shoulder Elbow Surg.
2014;23:297-301.


http://www.icmje.org/coi_disclosure.pdf
http://creativecommons.org/licenses/by/4.0/

Direct discharge of patients with simple stable musculoskeletal injuries as an alternative...

2605

29.

30.

31.

32.

33.

Little M, Huntley D, Morris J, Jozsa F, Hardman J, Anakwe RE.
The virtual fracture clinic improves quality of care for patients
with hand and wrist injuries: an assessment of 3709 patients. J
Hand Surg Eur. 2020;45:748-53.

O’Reilly M, Breathnach O, Conlon B, Kiernan C, Sheehan E.
Trauma assessment clinic: virtually a safe and smarter way of
managing trauma care in Ireland. Injury. 2019;50:898-902.
Robinson PM, Sim F, Latimer M, Mitchell PD. Paediatric frac-
ture clinic re-design: incorporating a virtual fracture clinic. Injury.
2017;48:2101-5.

Davey MS, Coveney E, Rowan F, Cassidy JT, Cleary MS. Virtual
fracture clinics in orthopaedic surgery—a systematic review of
current evidence. Injury. 2020.

Murphy EP, Fenelon C, Murphy RP, O’Sullivan MD, Pomeroy E,
Sheehan E, et al. Are virtual fracture clinics during the COVID-19

34.

35.

36.

37.

pandemic a potential alternative for delivering fracture care? A
systematic review. Clin Orthop Relat Res. 2020;478:2610-21.
Khan SA, Asokan A, Handford C, Logan P, Moores T. How useful
are virtual fracture clinics? Bone Joint Open. 2020;1:683-90.
Aasheim T, Finsen V. The DASH and the QuickDASH instru-
ments. Normative values in the general population in Norway. J
Hand Surg Eur Vol. 2014;39:140-4.

Anderson GH, Jenkins PJ, McDonald DA, Van Der Meer R, Mor-
ton A, Nugent M, et al. Cost comparison of orthopaedic fracture
pathways using discrete event simulation in a Glasgow hospital.
BMJ Open. 2017;7:¢014509.

Wilkins KE. Principles of fracture remodeling in children. Injury.

2005;36(Suppl 1):A3-11.

@ Springer



	Direct discharge of patients with simple stable musculoskeletal injuries as an alternative to routine follow-up: a systematic review of the current literature
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Rationale
	Objectives

	Methods
	Protocol and registration
	Eligibility criteria
	Logistic outcomes
	Financial outcomes
	Patient outcomes
	Information sources
	Search
	Study selection
	Data collection process
	Data items
	Risk of bias in individual studies
	Summary measures
	Synthesis of results

	Results
	Study selection
	Study characteristics
	Risk of bias within studies

	Results of individual studies
	Logistic outcomes
	Financial outcomes
	Patient outcomes

	Discussion
	Summary of evidence
	Logistic outcomes
	Financial outcomes
	Patient outcomes
	Limitations
	Future implications

	Conclusions
	Acknowledgements 
	References




