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Summary

OBJECTIVES: Distal radius fractures are among the most
common fractures. Ultrasound is gaining importance in the
treatment of and as a tool to diagnose distal radius frac-
tures, guide regional anaesthesia and support reductions.
Our aim was to demonstrate safety, feasibility and out-
come in patients with a distal radius fractures undergoing
ultrasound-guided regional anaesthesia (UGRA) with ul-
trasound-guided reduction (UGR), as compared with pro-
cedural sedation for the reduction.

METHODS: This retrospective cohort study was carried
out in the emergency department of the University Hos-
pital Basel (Switzerland) between February 2014 and Oc-
tober 2017. Adults with an isolated forearm fracture were
eligible. The intervention group was treated with UGRA
of the brachial plexus and subsequent ultrasound-assisted
fracture reduction. Patients in the control group received
usual care, which is blind fracture reduction with extension
and immobilisation under procedural sedation.

RESULTS: 71 patients were enrolled in the intervention
group and 142 were to the control group. There was one
(1.4%) complication (pneumothorax) in the UGR group.
Twenty-five patients (35%) in the intervention group and
67 patients (47%) in the control group underwent surgery.
The association between surgery and study group was not
significant (p = 0.08). The patient’s age was negatively as-
sociated with surgery (p <0.001). The association between
surgery and study group was significant in patients ≥60
years (p = 0.035).

CONCLUSION: The combination of ultrasound-guided re-
gional anaesthesia and ultrasound-guided reduction of
distal radius fractures is feasible. Safety was shown by 70
out of 71 cases of UGRA being without complication. Ef-
fectiveness regarding the necessity of subsequent opera-
tion was comparable to usual care; in patients over 60 it
may be lower with UGR.
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Introduction

Distal radius fractures are among the most common frac-
tures in humans [1, 2]. In Switzerland, the annual incidence
among adults ≥50 years old is 63.2/10,000 in women and
18.9/10,000 in men [1]. Ultrasound is gaining importance
in the treatment of distal radius fractures. They can be di-
agnosed with a sensitivity of 95–97% and a specificity of
95–96% using ultrasound [3]. There is also evidence that
ultrasound can be used to guide the repositioning of distal
radius fractures and reduce reduction attempts [4, 5]. Fur-
thermore, there is some evidence that surgery was nega-
tively associated with the use of ultrasound for reduction
[4].

To improve patient satisfaction in the emergency depart-
ment, pain management is one of the most important fac-
tors [6]. Currently, most patients with distal radius frac-
tures receive procedural sedation, even though procedural
sedation is associated with rare but serious adverse events
and needs constant monitoring [7]. In the operative setting,
brachial plexus block has shown benefits for pain manage-
ment, muscle relaxation and hospital discharge [8]. Several
studies have shown that all the advantages of the brachial
plexus block can be extended to the emergency department
[9–11]. Ultrasound-guided regional anaesthesia (UGRA)
is a reliable method to achieve an efficient and effective
brachial plexus block with fewer side effects than when the
procedure is performed without sonographic visualisation
[11, 12].

So far, most studies have used radiological endpoints to
measure the quality of distal radius fractures treatment [4,
13]. However, there is growing evidence that radiologi-
cal indices do not correlate with the functional outcome,
particularly in older patients [2, 14, 15]. One case series
showed that 89% of all elderly patients with distal ra-
dius fractures and conservative therapy have good to ex-
cellent outcomes [2]. Furthermore, surgery is associated
with longer hospital stays, higher risks and higher costs [2,
15]. Therefore, the goal should be to optimise conservative
repositioning so that no further surgery is required.

The use of ultrasound in the emergency department is in-
creasing, but there is a lack of studies on the use of ul-
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trasound on multiple occasions during the treatment of a
single injury. Therefore, the aim of our investigation was
to perform an ultrasound-guided reduction (UGR) under
UGRA after receiving the x-ray of the fracture and to com-
pare this new procedure with usual treatment, in order to
test safety, feasibility and effectiveness.

Methods

This retrospective cohort study was carried out in the
emergency department of the University Hospital Basel
(Switzerland) between February 2014 and October 2017.
The local ethics committee approved the study protocol.
The goal of the study was to compare UGR with usual
care, in order to test safety, feasibility and effectiveness.

The primary goal (endpoint) was to anaesthetise and per-
form the fracture reduction by means of ultrasound in the
emergency department (feasibility). The next endpoint was
the minimisation of operative interventions in these pa-
tients (effectiveness). Procedure-related complications
such as nerve injuries, bleeding, infections and pneumoth-
oraces were listed (safety).

Patients over 18 years old with a distal radius fracture were
eligible for inclusion. Only isolated distal forearm frac-
tures were included, so the pain management was not influ-
enced by other injuries. Oral informed consent was given
by all patients after information on the procedure and the
side effects of both treatments.

After standard clinical assessment and initial x-ray, the
emergency physician in charge decided on the necessity of
a reduction. UGR was offered if a UGRA-trained emer-
gency physician was on duty. In the absence of a trained in-
terventionalist, usual care was initiated as described in the
protocols of our hospital (www.medstandards.org).

Patients in the intervention group received UGRA in the
form of a supraclavicular or an axillar block (figs 1–3).
A HITACH Hi Vision AVIUS with a 50-mm linear-array
probe (5.0–13.0 MHz) or a MINDRAY TE7 with 16 MHz
linear transducer was used. The regional anaesthesia was
13 to 40 ml bupivacaine 0.5% or prilocaine 2% and was

applied with a PAJUNK SonoPlex Stim cannula 22G x 50
mm. It was single-dose regional anaesthesia without ad-
ditional stimulation. To perform the UGRA, emergency
physicians had to attend a 2-day course in ultrasound-guid-
ed regional anaesthesia. The same ultrasound set-up was
used to guide the reposition. A long-axis view generated
the necessary information for this procedure (fig. 4).

The control group was double the size of the intervention
group. Controls were chosen from the database of the Uni-
versity Hospital Basel and had to have the same diagnosis,
the same sex and the same age as the patients; additionally,
they had to be treated in the same time period as the inter-
vention group. The first patients identified by the comput-
er as fulfilling all criteria were added to the control group.
Control patients all received the current standard therapy,
which is procedural sedation with midazolam 1–2 mg in-
travenously and morphine titrated in 2-mg steps as clini-
cally needed. The reduction was performed with extension
and clinical palpation, followed by check radiography.

Patients in the intervention group also had a second x-ray
after the repositioning. The orthopaedic surgeon on call de-
cided whether surgery was needed after reduction in all pa-
tients. Orthopaedic surgeons were not informed about the

Figure 1: Setup for the supraclavicular block.

Figure 2: Anatomical schema and Doppler ultrasound image of the brachial plexus.
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Figure 3: Ultrasound image of the brachial plexus. (a) Needle is placed between the nerves of the brachial plexus in the supraclavicular region
above the first rib. (b) After injection of 15 ml local anaesthetic the nerves are surrounded with the fluid.

study’s content and aim. If no surgery was indicated, the
patients were discharged with a cast and ambulatory stan-
dard care.

All participants completed their entire treatment at the Uni-
versity Hospital Basel.

If at any point in the 3-month follow-up a decision to op-
erate was made, the case was marked as an operation, re-
gardless of the time-point of the decision.

Figure 4: Ultrasound guided reposition of the distal radius fracture.

Data collection and statistical analysis by logistic regres-
sion were performed with JASP (Vs 0.9.1, 2018 University
of Amsterdam). Logistic regression was used for associa-
tions between the groups and the interventions. All analy-
ses were controlled for group, age and sex. Because of the
wide variation in age in our cohort, we did a subgroup
analysis for elderly patients (over 60 years).

Safety was defined as a complication rate under 2%. Fea-
sibility was defined as the consecutive inclusion of over 50
patients solely by trained emergency physicians. Effective-
ness was defined as a comparable rate of operations in the
intervention and control groups.

Results

Throughout the study period, 71 consecutive patients were
enrolled. The control group consisted of 142 patients, se-
lected as described in the methods section. In total, there
were 213 distal radius fractures and 211 were isolated dis-
tal radius fractures. Two had additional distal ulna fractures
(one in each group). There were no significant differences
in the baseline characteristics of both groups (table 1).
Twenty-five patients (35%) of the intervention group and
67 patients (47%) of the control group underwent surgery
(table 2).

In the multivariate regression model testing the association
between group and surgery, adjusted for age and sex, no

Table 1: Baseline characteristics for all patients and patients aged ≥60 years.

All patients Patients ≥60

Intervention group Control group Intervention group Control group

Total cases, n 71 142 54 106

Female, n (%) 59 (83.1) 115 (81.0) 50 (92.6) 95 (89.6)

Age

Median 78.00 73.50 80.50 79.50

Minimum 25 21 61 60

Maximum 92 98 92 98

Table 2: Operation rates for all patients and patients aged ≥60 years.

All patients Patients ≥60

Intervention group Control group Intervention group Control group

Total cases, n 71 142 54 106

Op yes, n (%) 25 (35.2) 67 (47.2) 12 (22.2) 43 (40.6)

Op yes: Patients who underwent surgery after primarily being treated conservatively
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significant difference could be shown (p = 0.08). The pa-
tients’ age was inversely associated (p <0.001) with
surgery (table 3, figure 5).

A predefined subgroup analysis in patients ≥60 years of
age was conducted. In this subgroup, 54 patients were in
the intervention group, and 106 in the control group. Age
and gender were not significantly different (see table 1).
Twelve patients (22%) underwent surgery in the interven-
tion group and 43 (41%) in the control group. The multi-
variate logistic regression, adjusted for age and sex showed
a significant (p = 0.035) negative correlation between in-
tervention and operation (odds ratio 0.426, 95% confi-
dence interval 0.193–0.942) (table 4, figure 6). Age was
also negatively correlated with surgery in this intervention
subgroup (p <0.001).

There was one (1.4%) complication related to UGRA or
UGR in the 71 patients in the intervention group: an
89-year-old cachectic patient who had UGRA by an emer-
gency physician with the minimum training required (2
day course and fewer than 10 interventions). The patient
fully recovered within 1 week of hospitalisation without
sequelae. No other side effects from UGRA were detected
within the 3-month follow-up.

Discussion

The main results of the study related to the feasibility, the
relative safety and the effectiveness of UGR.

1. Feasibility

Figure 5: Correlation between age and operation likelihood.Op:
Operation, Yes(1): Patients who underwent surgery after primarily
being treated conservatively, No(0): completely conservatively
treated patients, P: likelihood, grey dots: every dot represents one
patient. Grey banner: 95% confidence interval, black line: opera-
tion likelihood according to patient’s age.

It could be shown that emergency physicians, after a
minimum requirement of 2 days of instruction, were
able to perform UGR in dozens of patients with distal
radius fractures. This is a novel finding, as only a few
attempts to bring regional anaesthesia to emergency
medicine have been noted [11].

2. Safety

Pneumothorax is most likely to be the highest risk in
UGRA. In a large series of supraclavicular blocks, the
incidence was estimated to be lower than 0.1% if they
were performed under ultrasound guidance, the main
risk factor being little experience (<20 blocks) [12].
Our only complication involved an emergency physi-
cian with little experience attempted UGRA in an ex-
tremely underweight patient – unfortunately combin-
ing two risk factors. All other interventions were free
of any complication. We therefore conclude that UGR
may be safe in the hands of emergency physicians.

3. Effectiveness

The intervention group showed operation rates com-
parable to controls. Indeed, 35% of the patients in the
intervention group were assigned to surgery, whereas
47% were operated on in the control group, but this
difference was not significant (p = 0.08). However, this
study was not powered to show superiority of the pro-
cedure. Furthermore, operation rates in younger pa-
tients were relatively high. On the other hand, there

Figure 6: Correlation between treatment group and operation like-
lihood in patients ≥60 years old.Op: Operation, Yes(1): Patients
who underwent surgery after primarily being treated conservative-
ly, No(0): completely conservatively treated patients, P: likelihood,
grey dots: every dot represents one patient, black dot: represent
the mean likelihood to get an operation, plot: shows the 95% confi-
dence interval of the operation likelihood.

Table 3: Coefficients for all patients.

Odds ratio p-value 95% confidence interval (odds ratio scale)

Lower bound Upper bound

Age 0.943 <0.001 0.922 0.964

Group (intervention) 0.563 0.083 0.294 1.078

Gender (f) 1.807 0.187 0.751 4.350

Table 4: Coefficients for patients aged ≥60 years.

Odds ratio p-value 95% confidence interval (odds ratio scale)

Lower bound Upper bound

Age 0.917 <0.001 0.879 0.956

Group (intervention) 0.426 0.035 0.193 0.942

Gender (f) 2.169 0.232 0.609 7.723
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was a strong inverse correlation between age and
surgery, which has been shown previously [1, 2, 15].
Decreasing rates of surgery may be explained by lower
functional demands and higher operation risks in el-
derly patients [2, 14].

We were therefore particularly interested in the results in
patients aged 60 and over and had predefined an analysis
in this subgroup, in which UGR could well have the most
impact. According to the literature, older patients have the
highest incidence of distal radius fractures and the lowest
incidence of surgery [1]. In our subgroup analysis of elder-
ly patients, only 22% underwent surgery in the intervention
group, as compared with 41% in the control group. A com-
parable study claimed to achieve a lower operation rate by
using ultrasound-guided reduction [4]. However, this can
only be proven by strict randomisation, as retrospective co-
hort studies are prone to selection bias.

Still, UGR is a promising method, as reduction may be
achieved by improved muscle relaxation, lower levels of
pain and direct visual feedback during reduction. To regard
the effect of UGRA compared to reduction under proce-
dural sedation on pain score during and after the reduction,
further studies are necessary. Additional benefits of the use
of ultrasound include the lack of radiation, the econom-
ic advantage over fluoroscopy [13], the cooling effect of
ultrasound gel [3], its availability in most emergency de-
partments, the possibility of detecting additional soft tis-
sue injuries [13] and the steep learning curve inherent to
the method [3]. UGRA and UGR should therefore be used
more widely in emergency medicine [11].

The main limitation is that of a single centre study. Ex-
ternal validity is therefore limited. The second limitation
is that it was a retrospective cohort study, a method that
is prone to inclusion bias. It cannot be guaranteed that
the controls are similar to the patients, as they were only
matched for age, sex and time of inclusion. Third, the study
was not powered to show superiority because it was not
clear which effect size the intervention would have due to
lack of data in the literature. However, the pilot study char-
acter allows hypothesis generation, such as the usefulness
in a population over 60 years of age.

Conclusion

Our study suggests, that in distal radius fractures of elder
patients, ultrasound guided regional anaesthesia of the
brachial plexus in combination with ultrasound guided re-
duction of the fracture is a feasible method to lower the
number of operations in this group of patients. Further re-
search is required to support this preliminary statement.
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