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Abstract 275/275 words

Background: Delirium complicates 500,000 hip fractures/year globally. Point-of-Care Ultrasound
Guided Regional Anesthesia (POCUS-GRA) may reduce delirium, but it is rarely performed in

emergency departments (ED).

Objectives: Measure the impact of a knowledge-to-practice intervention (KTP) on: 1) ED uptake of
POCUS-GRA; 2) incidence of and days to delirium; 3) analgesic effectiveness, 4) safety and 5)

procedure time.

Design: Multicentered, pragmatic, stepped-wedge cluster trial. The order in which ED physicians

were trained at each site was randomized.
Setting: Seven academic EDs from three provinces in Canada.

Participants:. We included patients > 65 years with a hip fracture who were not anti-coagulated or

delirious on ED arrival, and ED physicians who did not routinely performed POCUS-GRA.
Intervention: A two hour structured KTP training session, reminders and procedure bundles.

Main Outcome and Measures: Incidence of delirium within 7 days of ED presentation and days to

delirium.

Results: We trained 208/213 (97.7%) ED physicians who assessed 694 eligible participants: 248 prior
to training (control) and 446 after training (intervention). The KTP intervention increased blocks from
6/248 (2.4%) before to 229/446 (51.3%) after training. Adjusting for apriori confounders and
clustering, the odds of delirium was reduced by 0.42, (95% CI: 0.35 — 0.50) and days to delirium was
delayed by 22% (0.78, 95% CI. 0.65-0.95) in the intervention group. Blocks were effective, safe and

quick.

Limitations: We enrolled only 96% of our sample size. Uptake of POCUS-GRA was 51.3%.




Conclusion and Relevance: Despite these limitations, our study significantly adds to the evidence

that POCUS-GRA reduces incident delirium. Future work should evaluate strategies to optimize early,
effective POCUS-GRA delivery to optimize pain control and improve delirium outcomes in this large

and vulnerable population.




INTRODUCTION
There are approximately 1.5 million hip fractures each year globally, with an average cost

estimated at $43,669 U.S, representing global costs of over $65 billion annually.™? Delirium
complicates up to 62% of hip fractures, doubling mortality, extending hospital stays by 7.8 days, and
increasing nursing care burden, nursing home admissions, and risk of dementia.>® Delirium can be
life-altering as well —it has been shown to cause lasting psychological trauma to patients and their

families.’

Previous research has shown that regional anesthesia provides better pain management for patients
with hip fractures than parenteral opioid analgesics.®® These meta-analyses found moderate quality
evidence that regional anesthesia independently reduces the risk, severity and duration of delirium,
and that early administration of the intervention is critical 812 Point-of-care ultrasound guided regional
anesthesia (POCUS- GRA) allows direct visualization of neurovascular structures, and is considered

by many to improve the safety and efficacy of regional anesthesia.!>18

To date, the adoption of POCUS-GRA by emergency department (ED) physicians has been low.
We previously reported less than 5% of academic ED physicians routinely used any form of regional
anesthesia for hip fractures.!” Inadequate training and perceived time to perform blocks were the most
commonly identified barriers. To address these challenges, we developed a knowledge-to-practice

(KTP) intervention to train and encourage ED physicians to perform POCUS-GRA.*8

The primary objective of this study was to assess whether our KTP intervention increased the use
of POCUS-GRA by ED physicians, and whether increased uptake impacted the incidence of and time
to delirium in older people with hip fractures. Secondary outcomes included efficacy, safety of

POCUS-GRA, and time to perform the block.

METHODS
Study Design



The ED Ultrasonographic Regional Anesthesia to Prevent Incident Delirium (EDU-RAPID)
study was a pragmatic, multicenter, stepped-wedge, cluster randomized clinical trial.1>2° We enrolled
physicians and patients with hip fractures at seven academic EDs in four provinces in Canada:
Rockyview General Hospital; Kingston General Hospital, Mount Sinai Hospital, The Ottawa Hospital,
Civic and General sites, and Hépital Enfant-Jésus and Hopital Saint-Frangois d’ Assise. Sunnybrook
Health Sciences Center was the site of our feasibility study,'® and led training of other sites (see Table
3). We included emergency physicians who worked a minimum of four shifts per month, and who did
not regularly perform POCUS-GRA (defined as > 4 blocks in the year prior to enrollment). We
included patients aged 65 years and older who underwent surgical fixation of a hip fracture, excluding
those who were delirious on ED arrival, allergic to local anesthetic, on anticoagulants, reported

minimal pain (< 3/10 on a 10-point numeric rating scale) at presentation, or had severe dementia

defined as either non-verbal or too cognitively impaired to complete study interviews.

Description of KTP Intervention

The KTP intervention for this multicenter trial has been previously described.'® In brief, it
included a two-hour training session with three stations: a phantom simulator station, a turkey thigh
station, and ultrasonographic land marking on a live older patient model. Research assistants provided
pre-assembled equipment bundles to facilitate POCUS-GRA in the ED, and sent out e-mail reminders
to participating ED physicians.?* We used a “train-the-trainer” model to disseminate the KTP
intervention to all participating sites. ED physicians needed to demonstrate competence by
successfully completing a competency-based checklist. The coordinating center randomized the order
in which physicians at each site received training using computer generated sequences. Each site
trained 4-8 physicians at a time every 4 to 8 weeks until all eligible physicians completed training.

Hip-fracture patients treated by an ED physician prior to training were allocated to the control group,
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and patients treated after the physician completed training were allocated to the intervention group.
Outcome assessors were blinded to whether the ED physician had been trained and whether a nerve
block had been done. Reporting of this trial follows the CONSORT extension for reporting cluster

randomized trials.®

Physician Data Collection

A data form was included in each procedure bundle. Physicians were trained to use the
validated Confusion Assessment Method, short form, (CAM-S)??23 and to document if the patient had
delirium. Physicians also recorded the patient’s self-reported pain severity on a 10-point numeric
rating scale at baseline and 30 minutes post-procedure, any complications from a pre-specified list:
minor (i.e. local hematomas), or serious (femoral artery or nerve puncture, hypotension, seizures,
shortness of breath, anaphylaxis, or any other complication requiring treatment)?2 and the time they

started and completed the procedure.

Research Assistant Data Collection

All research assistants received standardize training for all study scales, including: the Short-
Blessed Test of mental status®#2°; the Mini-Cognitive Test 2®administered with the CAM-S 2223;
mobility status; Richmond Agitation Scale (RASS) scores?’; and pre-injury activities of daily living
using the Older American Resources Scale (OARS).233! Research assistants reviewed standardized
simulated delirium cases and had to demonstrate competence and reliability with three live cases prior
to independent assessments. All delirium outcomes were reviewed by the coordinating center to assure
consistency across sites. Research assistants obtained consent to collect participant data after the

participants’ pain had been controlled, typically the next day.



Research assistants interviewed participants daily to assess delirium, and recorded the Mini-Cog?®
and RASS daily until discharge from hospital or the seventh post-operative day. They also conducted
a chart review to verify physicians initial delirium assessment using a validated chart review tool®?
and to assess for transient delirium occurring between daily interviews as recommended by the CAM-
S training manual.?® Research assistants were unaware of the randomization status of the ED
physicians to minimize unblinding. In addition there was no evidence that a patient had received
POCUS-GRA during interviews, the procedure was not routinely documented in the medical chart at
participating sites, and research assistants were trained not to inquire whether the patient received a

block and to report if they became unblinded.
Statistical Analysis

The intended unit of clustering was the physician and the unit of analysis was individual
participant using intention-to-treat analysis (clinical trials.gov NCT02892968). The primary outcome
was the proportion of patients with in-hospital delirium within seven days from the index admission,
and proportional differences between the intervention and control groups were estimated using chi-
square statistics with 95% confidence intervals (ClIs).

We expected clustering by physician to be an inherent feature of the data, and order of training
was randomized at each site. However 37% of ED physicians only cared for one trial-eligible patient
during the study period, precluding cluster analysis based on physician. We observed significant
variance in delirium rates across sites from 1.5% to 41.1% (Table 3, see “Limitations” below). In
addition, site start dates were not randomized - enrollment began when research staff were recruited
and trained. Accordingly, we accounted for clustering by site in our analysis using a generalized
estimating equation (GEE) model with a compound symmetry correlation structure, using a logit link
function and a binomial distribution to adjust for the correlation among observations taken from the

same site for our primary outcome, incidence of delirium. We controlled for imbalances between
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groups that might exist despite cluster randomization for the following confounders identified a priori
from existing systematic literature reviews: age, sex, time to surgery, baseline cognitive impairment,
dehydration and iatrogenic complications.®®* We used a GEE model with a log link function and a

Poisson distribution for the co-primary outcome, days to delirium.

Nerve block effectiveness

We measured the proportion of blocks that could be considered “effective” based on existing
literature®* and consensus among our study team as being a 50% relative reduction from initial pain
score at 30 minutes post-block. We also collected data on mean morphine milligram equivalents for

opioids given in the ED from the medical records.

Sample Size Calculation

Sample size was based on the primary outcome, the risk of incident delirium within seven days.
We expected each physician to treat four to six patients. Assuming 144 participating physicians and an
intraclass correlation coefficient of 0.01 to 0.04, at the point at which half of the physicians have been
trained, a sample size of 720 to 840 patients would provide 80% power with an alpha of 0.05 to detect

an absolute difference in delirium risk of 7.6% to 8.0%.
Ethics

The study was approved by the Research Ethics Board (REB) at all participating centers. Eligible
ED physicians provided informed consent prior to enrollment and randomization. All REBs waived
the requirement for patient informed consent prior to use of POCUS-GRA as approaching a patient for
consent while they were still in pain might not be fully informed and voluntary. Instead, participating

ED physicians explained the risks and benefits of the procedure to patients and obtained consent for



the procedure as per their routine. Research assistants subsequently sought informed consent from
potential participants for administration of study-related questionnaires and access to their medical
records. We used the Adamis method to assess capacity.®® We obtained written informed consent from

substitute decision makers if patients lacked capacity.

Role of the Funding Source: This study was supported by the Canadian Institute for Health
Research, institute of ageing (MOP #142429). Dr. Lee is funded by the Schwartz/Reisman Emergency
Medicine Institute (SREMI) Inaugural Research Chair in Geriatric Emergency Medicine. The funders

had no role in the study design, conduct or reporting of this trial.
RESULTS

Of 217 eligible physicians, 213 (98.1%) agreed to participate. Mean years of ED experience was
15.6 years and 31.3% were female. We were able to schedule and train 208/213 (97.7%) of

participating ED physicians.

We screened 937 patients with hip fractures, of whom 205 (21.9%) were excluded, and 732 were
randomized — 264 (36.0%) to the control group and 468 (64.0%) to the intervention group. A further
32 (4.4%) had missing outcome data and 6 (0.8%) withdrew (Figure 1). The remaining 694
participants were included in the analysis: 248 (35.7%) in the control and 446 (64.3%) in the
intervention group. The mean age of participants was 81.0 years and 69.6% were female.
Demographics of control and intervention patients are provided in Table 1 and those with and without
delirium are provided in Table 2. Participants were enrolled at seven ED sites in four provinces (See
Table 3). The number of physician participants per site varied from 12 to 51, and participants enrolled

per site varied from 24 to 202.

Once trained, ED physicians attempted blocks on 237/446 (53.1%) intervention participants and

completed 236/237 (99.6%) blocks. Among the 217/446 (48.7%) intervention participants who did not

10



have a block performed, reasons given included: too busy 74 (32.0%), difficult anatomy 38 (15.1%),
patient or caregiver refused the procedure 10 (4.3%), physician forgot 9 (3.8%), other reason 4 (1.7)
and no reason was given in 96 cases (41.6%). There were 6 protocol violations in the control group —
participants in which a nerve-block was attempted by a physician prior to completing training (Figure

1),

Overall, 193/694 (27.8%) included hip fracture patients developed delirium — 77/228 (31.1%) in
the control group and 116/446 (26.0%) in the intervention group (Table 1). In GEE intention to treat
analysis adjusted for clustering by site and apriori confounders (see statistical analysis above), the
odds of delirium among those in the treatment group was reduced by 0.42, (95% CI: 0.38 — 0.50, see
Supplementary Table 4 for details of the model). This corresponds a reduction of the probability of
delirium of 28% in the treatment group. The number needed to treat was seven. Days to delirium was
analyzed using a Poisson regression model with the incidence rate ratio for the treatment group
compared to control being 0.78 (95% CI 0.65-0.95). This indicates, comparing treatment to control,

days to delirium were reduced by 22% (95% CI: 5% — 35%).

Of the 236 blocks completed in the intervention group, pain effectiveness data were available for
186 (78.8%) participants. The mean pain score at 30 minutes post block fell by 3.1 points from a
baseline of 5.5 on a 10-point pain scale, and 107/186 (57.5%) experienced an effective block with
50% reduction in pain. Mean morphine milligram equivalents were lower in the intervention group
(7.0, 95% ClI 1.3 to 20 MME) compared to the controls (7.6, 95% CI 2.0 to 20 MME), although the

95% Cls overlap.

There were no serious adverse outcomes reported in the 236 blocks performed and only one
(0.4%, 95% CI: 0.0-2.4%) minor complication (a hematoma at the injection site) that required no

additional treatment. The time needed to perform blocks was recorded in 126/236 blocks performed
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(53.4%) in the intervention group, with a median time to block of 15 minutes (IQR 12 to 20), and 90%

of blocks were completed within 25 minutes.

DISCUSSION

This pragmatic trial of 694 participants demonstrated that a KTP intervention reduced the odds of
delirium incidence by 0.42 and delayed time to delirium by 22%. By including only physicians who
did not already routinely perform regional anesthesia, we confirmed the safety and effectiveness of

early POCUS-GRA performed by ED physicians even during early uptake.

Our trial was inspired by two meta-analyses of the efficacy of regional anesthesia to reduce
delirium.®®3" The authours concluded there was moderate-quality evidence for reduced delirium.
However, there were only four randomized 111:383° trjals included, and one trial (n=338) contributed
almost all (36/38) the cases of delirium.!! Kim et. al.* published a meta-analysis after our trial was
initiated that added seven randomized clinical trial with a total of 289 delirium cases. Overall delirium
odds were reduced by one third in those randomized to receiving a block, however the 95% CI crossed
1.0 (0.36 to 1.22). No trials to date have evaluated the effectiveness of translation into practice of

regional anesthesia for reducing delirium in patients with hip fractures.

With 193 cases of incident delirium, our trial substantively adds to the evidence base supporting
the effectiveness of regional anesthesia in reducing delirium. We demonstrated the feasibility of
training almost all ED physicians at multiple centers to perform safe and effective POCUS-GRA.
Only one minor complication occurred out of 236 blocks performed, and 58% of blocks were highly
effective, resulting in a 50% reduction in initial pain. Our KTP intervention improved block uptake
from 2.4% to 51.3%. Early regional anesthesia is now accepted as a Healthy Quality Ontario standard

4L and in 2023 the Australian and New Zealand Hip Fracture Registry (ANZHFR) reported that 87%
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of older hip fracture patients in the registry received early regional anesthesia.*? The additional
evidence provided by this study that regional anesthesia reduces incident delirium by over 50%
challenges decision makers to answer the questions: why is it not standard of care in their jurisdiction?

what they are doing to change this?
Limitations

A significant limitation of this pragmatic trial was that we enrolled 694/720 patients, short of the
prespecified sample size (96.4%) as we terminated enrollment after 841 apparently eligible patients
were enrolled. However, 109 participants had been misclassified as eligible in our database, and a
further 38 withdrew or had missing outcome data. Post-hoc analysis demonstrates our trial was
sufficiently powered to exclude a difference in odds of delirium of 0.52 to 0.54, corresponding to a
reduction of delirium rates of 8.5 to 9.5% between intervention and control groups. Being under-
powered is a conservative bias. Given that we demonstrated an odds reduction of 0.42 corresponding
to a 28% reduction in delirium in the treatment group, the impact of our premature termination
appears to be limited. However, the marginal reduction in the odds of days to delirium onset may have

been due to being slightly under powered.

The fact that we were unable to use physicians as unit of analysis as originally intended, because
38% of physicians only treated one eligible participant during the study, is another limitation. We
therefore accounted for clustering by site instead of physicians given the large between-site variability

in delirium incidence.

Another limitation is the fact that one site had an extremely low delirium rate (1.5%) compare to
all other sites (24.4 to 41.1%). We believe this may in part be due to a lower rate of obtaining
informed consent from substitute decision makes for patients with cognitive impairment at this site as
only 1.5% of enrolled patients had baseline cognitive impairment at this site compared to 9.6% at all

other sites. In addition, this site only enrolled 66/694 subjects (9.6%). However, we cannot exclude
13



the possibility of differential measurement of delirium outcomes at this one site. Misclassification of
delirium outcomes due to poor sensitivity at this site would bias the results towards the null. Thus we

do not believe this limitations detracts from our conclusion that the treatment reduced delirium.

A clinical trial where randomization occurred at the individual level would have better isolated a
causal link between POCUS-GRA and lower delirium and our team had considered both designs
However, the chosen design was superior for testing the KTP intervention and to limit the risk of
contamination within physicians. Obtaining informed consent from older people suffering from a hip
fracture to participate in a trial where the most effective form of analgesia might be randomly

withheld was also felt to be ethically questionable.

Even in expert hands, POCUS-GRA with femoral nerve blocks will not always be effective to
control the pain of hip fractures due to variations in individual innervation anatomy plus variability in
fracture site (e.g. intra-capsular vs. extracapsular). Blocks in this study resulted in a greater than 50%
reduction in pain for the majority of patients, however there was significant room for improvement in
the effective block rate. Again, this element of our pragmatic trial introduces a conservative bias.

Improving the proportion of effective blocks may have further reduced delirium.

Another limitation is missing data for secondary outcomes collected by the participating ED
physicians including the change in pain scores following POCUS-GRA. ED physicians recorded an
initial and 30-minute pain score in 78.8% of cases. While it would have been prohibitively expensive
to have research assistants on duty at participating centers 24/7, having research assistants collect

secondary outcome on purposefully sampled patients across all sites might have been feasible.

Future trials should explore methods for improving the uptake and effectiveness of POCUS-GRA.
On average, POCUS-GRA takes only 15 minutes to perform, but this may be perceived by some
emergency physicians as being too long on a busy shift. Ordering parenteral opioids takes far less time

for physicians, shifting the burden onto nursing staff. Our trial supports future trials to explore the
14



impact of improved block effectiveness on delirium risk. This may include training innovations to
improve block quality, duration and uptake, and/or exploring new POCUS-GRA approaches. In
addition, fascia iliaca, pericapsular nerve group (PeNG) block and supra-inguinal approaches have
been shown to produce superior analgesia to femoral nerve blocks.**** Finally, collaborations between
the ED, anesthesia, orthopedics and perioperative medicine departments are needed to promote not
only prompt, effective analgesia on ED arrival, but also ongoing attention to pain control and

prevention of delirium throughout the care trajectory for all persons with hip fracture.

CONCLUSIONS

Widespread training of ED physicians with limited prior experience in use of POCUS-GRA in a
multicenter national setting was feasible and resulted in effective, safe and rapid analgesia for older
people with hip fractures. Uptake of the procedure improved from 2.4% to 51.3%, and this reduced
the incidence of delirium by 58%. Future research is needed to identify strategies to improve POCUS-
GRA uptake and efficacy by ED physicians, and to assess the impact of policy and quality

improvement initiatives on delirium outcomes in this vulnerable population.
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Figure 1. CONSORT diagram.
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Table 1: Baseline characteristics of participants in intervention and control groups.

Intervention

Control Group

All Patients

rou n=248 n=694

Female, n (%) 300 (67.3%) 183 (73.8%) 483 (69.6)
Q%Zii;‘n\zfgr;)* 81.0 (73.0-88.0) | 82.0 (75.0—88.0) | 81.0 (74.0— 88.0)
it st (o) 446 (100%) 248 (100%) 694 (100%)
ﬂ‘:gita'ﬁ'e(sl’zeg;eﬂ 50(20-100) | 60(20-10.0) | 6.0(2.0-10.0)
it dats 50) 437 (98.0) 246 (99.2%) 683 (98.4%)
,F\’Argd?;gc('l‘gs;” Score 6.0(20-100) | 50(30-80) | 6.0(3.0-8.0)
it st (oh 274 (61.4%) 185 (74.6%) 459 (66.1%)
F,\’/‘I’:é'iaBr']o(‘igE?i” Score 2.0 (0.0 4.0) 40(20-60) | 20(0.0-40)

184 (41.3%) 2 (0.8%) 186 (26.8%)

n with data (%)

Activities of Daily Living
Median (IQR)
n with data (%)

14.0 (12.0 — 14.0)
443 (99.3)

13.0 (12.0 — 14.0)
243 (98.0%)

13.0 (12.0 — 14.0)
686 (98.8%)

Instrumental Activities of Daily Living
Median (IQR)

13.0 (10.0 — 14.0)

13.0 (10.0-14.0)

13.0 (10.0 — 14.0)

0, 0, 0,
n with data (%) 442 (99.1%) 240 (96.8%) 682 (98.3%)
Eﬂaeflatg (Sllgg‘;ry 1.0 (1.0-2.0) 1.0 (1.0-2.0) 1.0 (1.0-2.0)
0, 0, 0,
n with data (%) 446 (100%) 248 (100%) 694 (100%)
No Delirium Risk Factors 154 (34.5%) 80 (32.3%) 234 (33.7%)
Dehydration 0 0 0
(Urea/Creatinine Ratio > 0.1) 115 (27.8%) 69 (27.8%) 184 (26.5%)
Cognitive Impairment (Short Blessed 0 0 0
Test Score >4/28) 233 (52.2%) 131 (52.8%) 364 (52.5%)
latrogenic Complication 18 (4.0%) 10 (4.0%) 28 (4.0%)
Delirium 116 (26.0%) 77/228 (31.1%) 193 (27.8%)

*IQR = interquartile range.




Table 2: Baseline characteristics of participants by delirium.

No Delirium Developed Delirium All Patients
501 193 N = 694
Female, n (%) 358 (71.5%) 125 (64.8%) 483 (69.6%)
,\Aﬂgegi';‘nifgr;) 80.0 (73.0-87.0) 80.0 (73.0 — 87.0) 81.0 (74.0 — 88.0)
0 0, 0,
" with data (%) 501 (100%) 193 (100%) 693 (99.8%)
Vidian, (QF) 1000-50 | Vg’ | 600100
n with data (%) 070 ik
Eﬂrgd?ggifg;')” Score 6.0 (3.0 — 8.0) 5.5 (3.0 — 8.0) 6.0 (3.0 8.0)
0 0, 0,
 with data (56 333 (66.5%) 126 (65.3%) 459 (66.1%)
';;’:ggr']"(clg%'” Score 2.0 (0.0 4.0) 2.0 (0.0—5.0) 2.0 (0.0 - 4.0)
136 (27.1%) 50 (25.9%) 186 (26.8%)

n with data (%)

Activities of Daily Living
Median (IQR)
n with data (%)

14.0 (13.0 — 14.0)
496 (99.0%)

13.0 (11.0 — 14.0)
190 (100%)

13.0 (12.0 — 14.0)
686 (98.8%)

Instrumental Activities of Daily
Living, Median (IQR)

13.0 (11.0-14.0)

11.0 (7.0 — 13.0)

13.0 (10.0 — 14.0)

0, 0, 0,
n with data (%) 494 (98.6%) 188 (98.9%) 682 (98.3%)
D 10 (sllg%ry 1.0 (1.0-2.0) 1.0 (1.0-2.0) 1.0 (1.0-2.0)
0, 0, 0,
n with data (%6) 501 (100%) 193 (100%) 694 (100%)
No Delirium Risk Factors 205 (40.9%) 29 (15.0%) 234 (33.7%)
Dehydration 0 0 0
(Urea/Creatinine Ratio > 0.1) 133 (26.6%) 51 (26.4%) 184 (26.5%)
Cognitive Impairment (Short 0 0 0
Blessed Test Score >4/28) 212 (42.3%) 152 (78.8%) 364 (53.5%)
latrogenic Complication 18 (3.6%) 10 (5.2%) 28 (4.0%)




Table 3: Number of physicians, patients and delirium incidence at each site.

Participatin Site Patients Delirium Site
Site M[F))s g n Cases Delirium
(% of total) n Rate (%)

) 24 6 25.0%
Site 1 12 (3.5%)

) 202 55 28.2%
Site 2 22 (29.1%)

) 66 1 1.5%
Site 3 32 (9.5%)

) 103 40 38.8%
Site 4 51 (14.8%)

) 95 39 41.1%
Site 5 46 (13.7%)

] 41 10 24.4%
Site 6 27 (5.9%)

) 163 42 25.8%
Site 7 23 (23.5%)
Total 213 694 193
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