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ABSTRACT
Objectives  Point-of-care ultrasound-guided regional 
anaesthesia (POCUS-GRA) provides safe, rapid analgesia 
for older people with hip fractures but is rarely performed 
in the emergency department (ED). Self-perceived 
inadequate training and time to perform POCUS-GRA 
are the two most important barriers. Our objective is to 
assess the feasibility of a proposed multicentre, stepped-
wedge cluster randomised clinical trial (RCT) to assess 
the impact of a knowledge-to-practice (KTP) intervention 
on delirium.
Design  Open-label feasibility study.
Setting  An academic tertiary care Canadian ED (annual 
visits 60 000).
Participants  Emergency physicians working at least one 
ED shift per week, excluding those already performing 
POCUS-GRA more than four times per year.
Intervention  A KTP intervention, including 2-hour 
structured training sessions with procedure bundle and 
email reminders.
Primary and secondary outcome measures  The 
primary feasibility outcome is the proportion of eligible 
physicians that completed training and subsequently 
performed POCUS-GRA. Secondary outcome is the 
time needed to complete POCUS-GRA. We also test the 
feasibility of the enrolment, consent and randomisation 
processes for the future stepped-wedge cluster RCT 
(NCT02892968).
Results  Of 36 emergency physicians, 4 (12%) were 
excluded or declined participation. All remaining 32 
emergency physicians completed training and 31 
subsequently treated at least one eligible patient. 
Collectively, 27/31 (87.1%) performed 102 POCUS-GRA 
blocks (range 1–20 blocks per physician). The median 
(IQR) time to perform blocks was 15 (10–20) min, and 

reduction in pain was 6/10 (3–7) following POCUS-GRA. 
There were no reported complications.
Conclusion  Our KTP intervention, consent process and 
randomisation were feasible. The time to perform POCUS-
GRA rarely exceeded 30 min, Our findings reinforce the 
existing data on the safety and effectiveness of POCUS-
GRA, mitigate perceived barriers to more widespread 
adoption and demonstrate the feasibility of trialling this 
intervention for the proposed stepped-wedge cluster RCT.
Trial registration number  ​Clinicaltrials.​gov #02892968

INTRODUCTION
Discovering effective treatments does not 
ensure their routine adoption.1 2 Meta-
analyses summarising decades of research 
demonstrate that regional anaesthesia is 
preferred for hip fracture patients in terms 

Strengths and limitations of this study

►► A strength of this feasibility study was that we spe-
cifically addressed barriers identified in a published 
survey of 100 emergency department (ED) physi-
cians to performing point-of-care ultrasound-guided 
regional anaesthesia in the ED.

►► Another strength of this paper was that we enrolled 
almost all eligible ED physicians at our centre, re-
ducing selection bias and improving the generalis-
ability of our results.

►► A limitation of our study was missing data regarding 
time to perform nerve blocks.

►► Another limitation of our study was that we report 
data only from a single centre.
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of analgesic efficacy, safety and speed of onset.3–12 Early 
point-of-care ultrasound-guided regional anaesthesia 
(POCUS-GRA) is an example of an effective practice that 
is not widely used.12 Specifically, nine studies and three 
systematic review demonstrate the efficacy of regional 
anaesthesia used preoperatively.3–10 13 None reported 
an inability of emergency physicians to learn the tech-
nique.5 7–10 13 14

In addition, four randomised trials6 7 9 15 and two cohort 
studies16 17 reported that regional anaesthesia could 
reduce delirium substantially, with a pooled OR of 0.36 
(95% CI: 0.17 to 0.74) for the four trials and 0.24 (95% 
CI: 0.08 to 0.72) for the cohort studies.3–5 Despite its estab-
lished efficacy and potential to reduce delirium, adoption 
of POCUS-GRA by emergency physicians remains low. 
Training in basic POCUS did not become a mandatory 
part of the emergency medicine curriculum in Canada 
until 2009, but there remains significant variability in 
POCUS curricula.18 Typically, individual physicians 
with an interest in POCUS have had to seek expensive 
advanced training courses to learn POCUS-GRA. As a 
result, many emergency departments (EDs) include 
physicians with a wide variety of training and experience 
in the use of POCUS-GRA.19 We surveyed 100 Canadian 
emergency physicians and found that less than 5% regu-
larly performed POCUS-GRA in hip fractures.12 The most 
commonly reported barriers were: (1) self-perceived inad-
equacy of training and (2) the perceived time to perform 
POCUS-GRA. The second barrier of perceived time 
could represent a significant barrier given ED crowding, 
a serious concern globally.20–23 Minimal data on the 
time needed to complete POCUS-GRA exist. One study 
reported an average of 5–10 min using a blind anatom-
ical landmark technique in 18 procedures conducted by 
only two ED physicians with expertise in the procedure, 
potentially limiting the generalisability of these results.7 
The addition of POCUS guidance improves efficacy of 
regional anaesthesia versus blind techniques,24 likely 
improves safety by allowing direct visualisation of neuro-
vascular structures, but preparation of the ultrasound 
machine also likely increases the total procedure time.

The current feasibility study supports the conduct of 
a future pragmatic, multicentre stepped-wedge cluster 
randomised clinical trial (RCT).25 This future cluster 
RCT will assess the impact of our knowledge-to-practice 
(KTP) intervention on delirium in older people with hip 
fractures (​clinicaltrials.​gov #02892968) by comparing 
the incidence of delirium among patients treated by 
ED physicians before and after they undergo the KTP 
intervention.

METHODS
Objectives
Our overall objective is to assess the feasibility of a proposed 
multicentre cluster RCT. To address the first feasibility 
barrier of self-perceived inadequacy of training identified 
in our previous survey,12 we developed a structured, KTP 

intervention designed to train all emergency physicians at 
our site to use POCUS-GRA, not just those with advanced 
ultrasound or procedural expertise.7 10 13

The primary feasibility outcome is the proportion 
of emergency physicians who completed standardised 
training and subsequently performed POCUS-GRA in 
eligible patients. Our secondary feasibility outcome is the 
time needed for ED physicians to perform POCUS-GRA 
after training. We also test the feasibility of elements of 
the protocol for our proposed cluster RCT, including the 
consent process and enrolment rates for physicians and 
patients.

We will randomly assign the order of physician training 
in our future stepped-wedge cluster RCT; however, signif-
icant logistics are required to schedule such training for 
an entire ED. Thus, we tested the feasibility of our rando-
misation scheme in the current study and report the 
proportion of physicians who were successfully scheduled. 
Finally, we report the safety and efficacy of POCUS-GRA 
after ED physicians received training.

Design, setting and participants
We conducted a prospective feasibility study26 27 at 
an academic tertiary care ED (annual visits 60 000) 
in Toronto, Ontario, Canada. Emergency physicians 
working fewer than four shifts per month and those who 
reported performing POCUS-GRA more than four times 
in the previous year were excluded.

We included patients who were aged 65 years and older 
with a hip fracture. We excluded those who were delirious 
on initial assessment using the Confusion Assessment 
Method.28 While this was not necessary to test the feasi-
bility of our KTP intervention, it was important to estimate 
the patient enrolment rate for our future cluster RCT. 
Similarly, allergy to local anaesthetic, anticoagulant use, 
those unable to provide consent with no substitute deci-
sion maker, and those with minimal initial pain defined as 
≤3/10 at rest and with movement on a 10-point Numeric 
Rating Scale were also excluded. To test the feasibility of 
the proposed consent model for patients, trained research 
assistants approached patients for deferred consent after 
their pain had been controlled, typically the next day. To 
test our proposed stepped-wedge cluster randomisation 
scheme, we used a random number generator to assign 
all eligible participating emergency physicians to one of 
nine identical training sessions in the current feasibility 
study. The study coordinator then scheduled training 
sessions approximately every 2–3 months throughout the 
22-month study period. We started scheduling training 
sessions 6 months prior to starting the study and took 
advantage of regular monthly education days to assist 
with scheduling.

Description of KTP intervention
The KTP intervention included an in-person, 2-hour 
training session, and deploying and maintaining a supply 
of pre-assembled kits in the ED (see online supplemental 
file 1 for a list of block kit contents).
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The standardised training sessions were led by three 
emergency physicians with fellowship training in POCUS 
and experience in performing and teaching POCUS-GRA 
(TB, RS and JC). Specifically, we taught the ultrasound-
guided femoral nerve block procedure. In summary, the 
technique involves: (1) identifying the femoral nerve, 
artery, vein and the fascia iliaca plane using ultrasound. 
Both the nerve and the fascial plane appear as bright white 
structures on the ultrasound. (2) After anesthetising the 
skin, a 22-gauge spinal needle is introduced just lateral 
to the probe and advanced towards the femoral nerve 
until the needle crosses the fascia iliaca. (3) Next, 20 cc 
of 0.5% bupivacaine with epinephrine is then injected 
under direct visualisation adjacent to the femoral nerve. 
Training sessions consist of a 30- minute didactic session 
followed by practice on: (1) a phantom model mimicking 
femoral nerve anatomy (Blue Phantom, CAE Health-
care, Sarasota, Florida, USA); (2) a live model station 
for identification of anatomy and landmarks in an age-
appropriate volunteer (≥70 years); and (3) a turkey-thigh 

station to practice dynamic needle guidance and ultra-
sonic visualisation of anaesthetic injection (figure  1). 
A video that supplemented training is available online 
(https://​drive.​google.​com/​open?​id=​0B3p​rgX0​BFzo​1czh​
VWnh​WZk41a2c).

After demonstrating competence at all three stations 
and successfully completing a competency-based check-
list as assessed by a study investigator (TB), each physician 
was encouraged to perform POCUS-GRA on all subse-
quent eligible hip fracture patients (see online supple-
mental file 2 for competency checklist). The procedure 
kits included laminated instructions plus all necessary 
equipment and medications, and were readily accessible 
in the ED day or night, and were restocked daily (see 
online supplemental file 3 for laminated instructions).

The final KTP strategy was reminders. Research staff 
reviewed the ED information system daily to identify 
consecutive eligible hip fracture patients and matched 
this list to data sheets completed by the ED physician to 
identify whether POCUS-GRA was performed.29 Research 
staff sent collegial email reminders to participating ED 
physicians if POCUS-GRA was not performed on eligible 
patients, and inquired as to the reason for not performing 
POCUS-GRA.

Data collection and measurements
Physicians were asked to record on a paper study form 
included in each procedure kit, to the nearest minute, 
the time when the kit was opened, and the time when 
the last step of the procedure was completed (applying 
a Band-Aid over the puncture site). They also recorded 
the patient’s reported pain severity on a 10-point numeric 
rating scale at baseline and again 30 min postproce-
dure. Physicians were asked to record any complications 
from a prespecified list: minor (ie, local haematomas) 
or serious (femoral artery or nerve puncture, hypoten-
sion, seizures, shortness of breath, anaphylaxis or any 
other complication requiring treatment). Research assis-
tants were also trained to review the medical record for 
any of these complications that were unreported (eg, 
comments on haematomas in the nursing record, admin-
istration of fluids, pressors or specialist consultations for 
a complication).

Feasibility outcomes and targets
The primary feasibility outcome was the proportion 
of emergency physicians who completed standardised 
training and subsequently performed at least one 
POCUS-GRA in eligible patients during the study. 
Completion of training was assessed using a competency-
based checklist at the end of the 2-hour training session. 
Based on previous literature, we targeted 100% successful 
completion of training.

Our secondary feasibility outcome was the time needed 
for ED physicians to complete nerve blocks following 
training. We targeted 90% completion in under 40 min 
as feasible based on consensus among coinvestigators at 
our potential participating sites.

Figure 1  Illustration of three training stations used in 2-
hour training session. (A) Image of training station #1 using 
Blue Phantom simulator station to practice finding femoral 
artery and vein and ultrasonographic appearance of the 
Blue Phantom. (B) Sketch of training station #2 with proper 
placement of ultrasound machine and an example of the 
ultrasonographic appearance of a live model. (C) Image of 
training station #3 showing injection in a turkey thigh model 
with the ultrasonographic appearance of injection in the 
model. US, ultrasound.

https://drive.google.com/open?id=0B3prgX0BFzo1czhVWnhWZk41a2c
https://drive.google.com/open?id=0B3prgX0BFzo1czhVWnhWZk41a2c
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Other secondary feasibility outcomes included assessing 
our consent process by measuring the proportion of 
physicians and patients who declined to participate. Feasi-
bility of our scheme to randomise order of training was 
assessed by reporting the proportion of consenting physi-
cians who could schedule and complete their randomly 
assigned training session.

We also wished to add to the existing evidence on the 
safety and efficacy of POCUS-GRA by reporting results 
among a more representative group of emergency physi-
cians, not just those with advanced POCUS or procedural 
expertise.7 13 We used a reduction in pain score of 3/10 as 
a minimally clinically important difference (MCID) based 
on previous literature,30 and targeted that 75% of patients 
would achieve this level of pain relief. Finally, we defined 
safety as the absence of any serious complications listed 
above.

Sample size and statistical analysis
Given that we were not testing any hypothesis, we based 
our sample size and statistical analysis for this prospec-
tive feasibility study on the precision or width of the 95% 
CI for our primary feasibility outcome, completion of 
training and subsequent POCUS-GRA use. Since it was 
possible that none would fail to complete training and 
subsequently perform a nerve block, we used the Hanley 
‘rule of three’ to estimate the CI for proportions with a 
zero numerator.31 A sample of 30 physicians would yield a 
95% CI of 0% to 10%.

We report the proportion and 95% CI for our primary 
feasibility outcome. For time to nerve block, we reported 
median, mean and IQR given the skewed distribution of 
time data.

Patient and public involvement
Patients were not involved in the planning and design of 
the current feasibility study, but were involved in the plan-
ning and design of our subsequent randomised trial.

RESULTS
Demographics
There were 52 attending emergency physicians with 
privileges during the 22-month study period. Seventeen 
worked casually (less than one shift per week on average) 
and were thus excluded. Of 36 eligible emergency physi-
cians, 2 (5.6%) routinely performed POCUS-GRA, and 
2 (5.6%) declined to participate. Participating physicians 
had an average of 12.4 years of experience and 68.8% 
were men (see table 1 for demographics).

Primary feasibility outcome
None of the 32 eligible physicians performed any 
POCUS-GRA procedures for hip fractures in the year 
prior to enrolment in this study. All 32 successfully 
completed a competency checklist following the 2-hour 
training session. One of the 32 emergency physicians was 
trained in the last 7 months of the study and did not assess 

any eligible hip fracture patients from the time they were 
trained to the end of the study. Of the 31 trained physicians 
who did assess an eligible patient, 27/31 (87.1%; 95% CI: 
70.2% to 96.4%) performed at least one POCUS-GRA 
before the study ended, and 13/27 (48.1%) performed 
three or more nerve blocks (see figure 2 for Consolidated 
Standards of Reporting Trials diagram of flow of patients 
into the study). The number of procedures performed 
by these physicians ranged from 0 to 20 (see figure 3 for 
completion rate of blocks by the physicians).

Secondary feasibility outcomes: time to nerve block
The time needed to perform POCUS-GRA was recorded 
by 22/27 physician in 63/102 cases (61.8%). The median 
(IQR) time to complete nerve blocks was 15 (10–20) min, 
and 90% of blocks were completed in under 30 min. 
There was significant variability in median time to block 
between physicians ranging from 4 to 35 min (see online 
supplemental table 1).

The impact of practice (ie, the number of nerve blocks 
performed) on time to perform blocks is presented in 
figure  4. While there was a trend for reduced time to 
complete block with increasing number of procedures, 
this was not statistically significant. The Poisson regres-
sion model produced an incidence rate ratio of 0.98 
(95% CI: 0.95 to 1.02) for the impact of the number of 
nerve blocks performed on the time to complete the 
procedure. Of note, variability in time to complete blocks 
appeared to reduce after five blocks were performed, 
and 13/28 (46%) ED physicians performed five or more 
blocks. For example, the median time to complete blocks 
if we include only first attempts at blocks (n=25) was also 
15 min, and 90% were completed in 30 min (IQR 12.5–
18.5 min).

Secondary feasibility outcome: physician consent rate and 
randomisation
As noted above, 2/36 physicians declined participation 
(5.6%).

We were able to schedule all remaining 32 emergency 
physicians to participate in the training session; they were 
randomised over 22 months.

Table 1  Description of participating physicians and time to 
complete blocks

Female physicians, n (%) 10 (31.3)

Experience in years, mean (IQR) 12.4 (11–22)

Blocks performed (mean) 102 (3.13)

Blocks with times recorded 63

Time to block (min)

25th percentile 10.0

Median 15.0

Mean 15.5

75th percentile 22.0

90th percentile 30.0

https://dx.doi.org/10.1136/bmjopen-2020-047113
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Secondary feasibility outcome: patient consent and enrolment 
rate
Of the 134 hip fracture patients seen by the physicians 
who completed training, five had pain ≤3/10 and were 
excluded. Another 7 declined to participate, 6 had 
dementia and 14 were missed. Altogether POCUS GRA 
was performed on 102/129 (79.1%; 95% CI: 71.3% to 
85.7%) eligible consecutive patients.

Secondary feasibility outcome: efficacy and safety of nerve 
blocks
Pain scores before nerve block and 30 min post block were 
recorded by the treating physician in 54/100 patients. 
Median (IQR) reduction in pain was 6 (3–7) on 10-point 
numeric rating scale. Using our MCID definition (see the 
Methods section),30 51/55 (94.4%) patients had a clin-
ically important pain reduction of 3 points and 40/54 
(75%) patients had at least a 50% reduction in initial 

pain. No minor or serious complications were reported 
or identified on subsequent medical record review over 
the course of the study (0/102, 95% CI: 0% to 3.6%).31

DISCUSSION
This study evaluated the feasibility of a novel KTP inter-
vention designed to train practising emergency physicians 
to use POCUS-GRA. The POCUS training was successfully 
delivered to 100% of emergency physicians, of which over 
85% subsequently integrated it into their clinical prac-
tice and completed one or more POCUS-GRA in older 
patients who had sustained a hip fracture. In prepara-
tion for a future stepped-wedge cluster RCT, our feasi-
bility study addressed the two most important barriers 
to performing POCUS-GRA that we had previously iden-
tified.12 Based on the success of our KTP intervention 
and the fact that most procedures could be completed 
in under 30 min, we were able to recruit a network of 
seven EDs and over 200 emergency physicians from four 
provinces across Canada, obtain funding and launch a 
multicentre stepped-wedge RCT to assess the impact of 
our KTP intervention on delirium rates in older patients 
with hip fracture (​clinicaltrials.​gov #02892968). The clin-
ical trial finished follow-up in January 2021.

The strength of this feasibility study include the fact 
that we specifically addressed barriers to performing 
POCUS-GRA that had previously been identified by emer-
gency physicians, then dealt with the training barrier 
by carefully designing and testing a multipronged KTP 
intervention that included hands-on simulation, compe-
tency assessment, an equipment bundle and reminders. 
Our study is the first to prospectively measure the time 
required to perform POCUS-GRA. Compared with 
previous studies that have used experts investigators 
exclusively,6–9 the fact that we enrolled 32/34 (94%) 
eligible physicians is another strength that reduces the 
probability of selection bias due to participation of early 
adopters or only physicians with exceptional POCUS 
skills. This improves the generalisability of our find-
ings, and has implications for subsequent adoption of 
POCUS-GRA broadly into clinical practice. Limitations 
of this study include the fact that it was conducted at a 
single centre that was urban and academically affiliated, 
which may impact the generalisability of the results. We 
did feel it was important to establish feasibility at our 
centre before attempting implementation in a more chal-
lenging or resource-limited setting. But replicating our 
research in other settings will be important. Although the 
results may not extend to younger (<65 years) adults, who 
were not included in this study, it is unlikely that time 
to complete the block will be longer for younger adults 
with anatomic landmarks that are easier to identify. 
Another limitation is the fact that we asked emergency 
physicians to record the time of their own block for prag-
matic reasons, and that 1/3 of times were missing. While 
it is possible that emergency physicians may have selec-
tively failed to record the time of blocks that were more 

Figure 2  Consolidated Standards of Reporting Trials 
extension for feasibility studies. Diagram showing the flow 
of patients into the study. PROCUS-GRA, point-of-care 
ultrasound-guided regional anaesthesia.
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challenging and took longer, ED physicians did record a 
wide variety of block times. Missing data on pain relief are 
another limitation; however, the effectiveness of regional 
anaesthesia for the pain of hip fractures has already been 
well established by several systematic reviews and two 
meta-analyses.3–5 Finally, only 48% of all participating 
physicians performing three or more blocks, generally 
considered as a minimum requirement to demonstrate 
competence in a procedure. However, because we tested 

the feasibility of randomising the order of training in 
this study, only 17/32 (53.1%) saw three or more eligible 
patients prior to the end of the study. Of these, 13/17 
(76.5%) performed three or more blocks.

Our data agree with the previous literature and confirm 
the feasibility of training emergency physicians to perform 
POCUS-GRA, and that the procedure appears to be effec-
tive in controlling pain.7 10 13 14 24 32–35 We observed no 
complications in 102 procedures, adding to the evidence 

Figure 3  Bar graph illustrating the number of eligible patients assessed by all 32 participating physicians and the number 
blocked or missed.

Figure 4  Scatter plot illustrating the relationship between the number of blocks performed (x-axis) and the time to complete 
blocks (y-axis) showing a reduction in variability of time to complete the blocks after five have been completed.
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that this procedure is safe even when performed by physi-
cians who recently completed POCUS-GRA training. The 
fact that we excluded ultrasound experts and that 32/34 
eligible physicians participated in the study strengthens 
our confidence that these safety results are generalisable 
to other academic EDs.

The results of this study have implications for educa-
tors, researchers, clinicians and decision-makers. From an 
educational perspective, our results support the feasibility 
of our KTP programme to teach non-expert ED physi-
cians to perform POCUS-GRA. With respect to research, 
establishing the median time required to complete 
POCUS-GRA was 15 min was instrumental in helping 
to recruit sites and physicians to participate in the trial 
and led to funding of a pragmatic multicentre stepped-
wedge cluster RCT to assess the impact of POCUS-GRA 
on delirium in older people with hip fractures.

Our safety, efficacy and feasibility results add to existing 
data and thus have implications for individual clinicians 
considering whether to learn the procedure to improve 
the analgesic care of older patients with a hip fracture. 
Our results show that practicing emergency physician who 
are not POCUS experts are able to complete nerve blocks 
after a 2-hour training session. For decision makers inter-
ested in increasing POCUS-GRA use above the current rate 
of 5% in the ED,12 our KTP programme provides a blue-
print for implementation and provides data on potential 
uptake and impact on patient flow. Centres introducing 
POCUS-GRA may expect that a minority of physicians may 
need additional support while acquiring mastery over this 
procedure. It is of note that we carefully designed and 
tested an equipment bundle, which is a common quality 
improvement strategy to assist clinicians to adopt best 
practices and reduce the time required to perform blocks. 
Clearly, sites that do not choose to allocate resources to 
provide a procedure kit would likely experience signifi-
cantly longer times to complete POCUS-GRA. We recog-
nise that some individual physicians and institutions may 
consider the time required to perform POCUS-GRA as 
detracting from other tasks, especially when compared 
with the existing practice of simply paging orthopae-
dics and writing an order for parenteral opioids. While 
POCUS-GRA provides quicker, safer and more effective 
pain control compared with parenteral opioid analge-
sics, and has an important potential downstream effect 
of reducing inpatient delirium, its incorporation into 
routine clinical practice may be challenging because the 
existing alternative is highly time-efficient for emergency 
physicians facing multiple competing priorities and inter-
ruptions. Pain and discomfort in older patients with hip 
fractures have been shown to be adversely impacted by 
longer ED wait times.22

Future research should explore the reproducibility 
of our findings in other settings, assess sustainability of 
POCUS-GRA use over longer time frames and address the 
downstream impact of use of POCUS-GRA, including the 
potential to reduce delirium, hospital length of stay and 
ED crowding.

CONCLUSION
This study demonstrated the feasibility of our knowledge 
to practice programme, and the consent process and 
randomisation scheme for our proposed cluster RCT. 
Following a standardised 2-hour training programme 
along with email reminders and a prepackaged procedure 
kit, almost all trained emergency physicians performed 
POCUS-GRA on the majority of eligible hip fracture 
patients seen, and one-half performed three or more 
blocks. Our estimates of time to perform POCUS-GRA of 
15 min suggest that time should not be a barrier to our 
trial nor to optimising analgesia for older people in the 
ED immediately following hip fracture. Our results add 
to existing data7 10 13 that POCUS-GRA performed by ED 
physicians is safe and effective.
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