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What We Already Know about this topic

• Systematic reviews demonstrate that peripheral nerve blocks for 
hip fracture patients reduce pain and opioid consumption

• Although administrative data suggest that peripheral nerve blocks 
in this population may be associated with reduced length of stay 
and costs, the safety profile remains unknown

What this Article tells Us that Is New

• Among 91,563 surgical and nonsurgical hip fracture patients in 
Ontario between 2009 and 2017, 17.1% (15,631) received a 
peripheral nerve block 

• Administrative data demonstrate that 5.8% (5,321 of 91,563) 
of hip fracture patients experienced a nerve block–attributable 
adverse event (seizures, fall-related injuries, cardiac arrest, or 
nerve injury)

• Receipt of a nerve block was not associated with a higher rate of 
these adverse events (5.5% among patients receiving a block vs. 
5.9% of patients without a block)

Globally, 18% of women and 6% of men will experience 
at least one hip fracture during their lifetime.1,2 Hip 

fractures are also the most common indication for emer-
gency surgery in older people.3 Although age-adjusted rates 
of hip fractures have decreased over time, ongoing popula-
tion aging means that the absolute number of hip fractures 
will continue to increase.2

Post–hip fracture medical and surgical complications are 
common, with more than 20% of hip fracture patients expe-
riencing a serious in-hospital complication.4,5 These early 
adverse events subsequently contribute to poor long-term 
outcomes. Approximately 25% of older people die in the year 
after their fracture, and survivors develop new disability at a 
rate of 32 to 80%.4,5 Efforts are required to identify safe and 
effective treatments to improve care for hip fracture patients.

Multiple factors influence outcomes after hip frac-
ture, including acute and chronic patient-level condi-
tions, as well as perioperative processes of care. Anesthetic 
and analgesic care may have a substantial impact on hip 
fracture outcomes. While choice of primary anesthesia 
type may influence early recovery by decreasing venous 

aBStract
Background: Peripheral nerve blocks are being used with increasing fre-
quency for management of hip fracture–related pain. Despite converging evi-
dence that nerve blocks may be beneficial, safety data are lacking. This study 
hypothesized that peripheral nerve block receipt would not be associated with 
adverse events potentially attributable to nerve blocks, as well as overall patient 
safety incidents while in hospital.

Methods: This was a preregistered, retrospective population-based cohort 
study using linked administrative data. This study identified all hip fracture admis-
sions in people 50 yr of age or older and identified all nerve blocks (although 
we were unable to ascertain the specific anatomic location or type of block), 
potentially attributable adverse events (composite of seizures, fall- related injuries, 
cardiac arrest, nerve injury), and any patient safety events using validated codes. 
The study also estimated the unadjusted and adjusted association of nerve blocks 
with adverse events; adjusted absolute risk differences were also calculated.

results: In total, 91,563 hip fracture patients from 2009 to 2017 were iden-
tified; 15,631 (17.1%) received a nerve block, and 5,321 (5.8%; 95% CI, 5.7 
to 6.0%) patients experienced a potentially nerve block–attributable adverse 
event: 866 (5.5%) in patients with a block and 4,455 (5.9%) without a block. 
Before and after adjustment, nerve blocks were not associated with potentially 
attributable adverse events (adjusted odds ratio, 1.05; 95% CI, 0.97 to 1.15; 
and adjusted risk difference, 0.3%, 95% CI, –0.1 to 0.8).

conclusions: The data suggest that nerve blocks in hip fracture patients 
are not associated with higher rates of potentially nerve block–attributable 
adverse events, although these findings may be influenced by limitations in 
routinely collected administrative data.
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thromboembolic events, pulmonary complications, and 
length of stay, analgesic choices have stronger evidence 
of impacting outcomes.6–8 Specifically, systematic reviews 
pooling moderate-to-high-quality evidence suggest that 
peripheral nerve blocks reduce pain and opioid consump-
tion, improve mobility, and decrease pulmonary complica-
tions.6 Population-based studies suggest that nerve blocks 
may reduce costs and length of hospital stay.9 However, 
nerve blocks do have associated risks, especially in hip frac-
ture patients who have many risk factors for nerve injury 
and systemic local anesthetic toxicity (which can lead to 
seizures and/or cardiac arrest).10,11 In fact, case reports of 
nerve block–attributable deaths have been published.12 
Currently, the safety data from randomized trials are insuffi-
cient,13 an issue that is further exacerbated by a lack of rep-
resentativeness in randomized trial participants compared to 
the general population of hip fracture patients.

Population-based health administrative data can be a useful 
means to evaluate the safety of interventions that appear effi-
cacious in randomized trials but may result in excess adverse 
outcomes when generalized.14 Therefore, we undertook a 
retrospective population-based cohort study to compare the 
relative incidence of potentially nerve block– attributable 
adverse safety events (seizures, cardiac arrests, fall-related 
injuries, and nerve injury) and overall patient safety incidents 
between hip fracture patients who did or did not receive a 
nerve block. We hypothesized that hip fracture patients who 
received a nerve block, including those treated surgically and 
nonoperatively, would not be at greater risk of potentially 
nerve block attributable adverse events.

Materials and Methods

Design and Data Source

This was a population-based cohort study using linked 
health administrative data from the Canadian province of 

Ontario (population 14 million). Ontario residents are pro-
vided universal health insurance for hospital and physician 
services, which generates data that are collected using stan-
dardized formats and procedures by trained abstractors.15,16 
These data are housed at ICES (formerly known as Institute 
for Clinical Evaluative Sciences [Toronto, Ontario, Canada]), 
an independent research institute, where the episode of 
care can be recreated through deterministic linkage across 
data sets using an anonymized unique identifier. For this 
study, we created our analytic data set from the Discharge 
Abstract Database (information (including diagnoses and 
procedures) for all hospitalizations; the Registered Persons 
Database, which captures all deaths (including date) and 
sociodemographic information; the National Ambulatory 
Care Reporting System, which records all emergency 
department visits; the Ontario Health Insurance Claims 
Database, which records fee-for-service physician claims; 
the Ontario Drug Database, which records outpatient pre-
scription drug receipt for residents over 65 yr of age; the 
Narcotics Monitoring System, which records receipt of all 
prescription opioids; the Ontario Laboratory Information 
System, which captures laboratory data from some regions 
of Ontario; and the Continuing Care Reporting System, 
which captures clinical and demographic information on 
residents receiving facility-based continuing care. Because 
these data are anonymized and routinely collected, the study 
was legally exempt from research ethics review. A protocol 
was registered at the Open Science Framework (osf.io/
z2r95/ [last updated June 5, 2020; accessed May 31, 2021]) 
before analysis. Reporting followed relevant guidelines.17,18

Cohort

We identified all Ontarians 50 yr of age or older who pre-
sented to the hospital (2009 to 2017) with a hip fracture, 
using International Classification of Disease, Tenth Edition 
(ICD-10) code S72 (97% sensitive, 99% specific for hip 
fracture).19 We created a patient-level cohort that included 
only the first hip fracture for any individual.

exposure

We identified in-hospital nerve blocks using validated phy-
sician billing codes applied to ICES data (appendix; posi-
tive likelihood ratio, 16.8; negative likelihood ratio, 0.03).20 
Because some emergency physicians are not on a direct 
fee-for-service contract (which may limit their billing 
accuracy), we also identified nerve blocks provided in the 
emergency department from the National Ambulatory Care 
Reporting System record (Supplemental Digital Content 
table 1, http://links.lww.com/ALN/C641); reabstraction 
studies of emergency department procedure codes demon-
strate 97.7% agreement.21 Although this approach allowed 
us to identify that a block was provided, codes do not dif-
ferentiate between anatomic locations or approaches (i.e., 
plexus vs. fascial plane or landmark vs. ultrasound-guided). 
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Our main exposure was receipt of any nerve block versus no 
nerve block, but we also identified a count of total blocks 
provided during the index hospitalization for each partici-
pant (if a participant had a block identified from both billing 
codes and the emergency department record on the same 
day, we attributed that block to the emergency department 
to avoid double counting).

Confounders

Additional variables were collected to account for possi-
ble confounding. These included year of admission and 
preadmission factors (age, sex, long-term care residence, 
rural versus urban residence, neighborhood income quin-
tile, resource utilization band (a measure of predicted future 
healthcare resource use based on previous health services 
utilization22), previous acute hospitalizations and emergency 
department visits (within the year before fracture), validated 
1-yr mortality risk score,23 frailty status,24 and Elixhauser 
comorbidities (based on a 3-yr lookback period)25). Surgical 
versus nonsurgical management was captured using vali-
dated procedure codes (Supplemental Digital Content table 
2, http://links.lww.com/ALN/C641; agreement κ = 0.95; 
positive predictive value, 0.95).19 For surgical patients, we 
captured the American Society of Anesthesiologists’ status 
and the specific type of surgery performed. The year of sur-
gery and the index hospital identifier were also collected. 
We also collected data that were available only for a subset 
of patients (i.e., filling a preoperative opioid prescription for 
people having surgery in 2012 or later (from the Narcotics 
Monitoring System in the 90 days before admission) or 
filling an anticoagulant, antiplatelet, antipsychotic, opi-
oid benzodiazepine, or dementia medication prescription 
for those over 65 (from the Ontario Drug Database), and 
preoperative serum creatinine, hemoglobin, sodium, and 
potassium (as not all health regions in Ontario consistently 
report lab data to ICES). All confounders were prespecified 
based on clinical and epidemiologic knowledge of factors 
that may influence receipt of a nerve block and occurrence 
of an attributable safety outcome, acknowledging that not 
all confounders have proven associations with both our 
exposure and outcomes. Therefore, we erred on the side 
of adjusting for any factor that we postulated could be a 
direct confounder or an important proxy for an unmea-
sured confounder.

Outcome

Our primary outcome was a composite of potentially nerve 
block–attributable safety events, using validated administra-
tive codes identifying the occurrence of any cardiac arrest 
(ICD-10 type 2 codes I47.2, I49.0, I46.0, I46.1, I46.9, or 
flag for heart resuscitation [positive predictive value, 88%]),26 
seizure (ICD-10 type 2 codes G40.6, G40.5, G40.8, G40.9, 
or G41.X [positive predictive value, 94%]),27 fall-related 
injury (ICD-10 type 2 codes starting with T0, T1, T8, T9 or 

T79, S12, S22, S32, S42, S52, S62, S72, S82, S92,T02, T08, 
T10, or T12 [sensitivity, 96%; specificity, 91%]),28 or possible 
nerve injury (physician billing codes G455/G456 or G466/
G457 for nerve conduction study; 88 to 95% agreement)29 
(Supplemental Digital Content table 3, http://links.lww.
com/ALN/C641). The composite was used as a primary 
approach due to the low expected incidence of each com-
ponent. We also collected each individual component of the 
composite outcome to assess whether each was associated 
with exposure in a directionally congruent manner. Because 
there is no widely accepted definition of nerve block–re-
lated adverse events, we also studied a secondary outcome 
defined as any in-hospital safety incident. This outcome was 
based on a validated set of ICD-10 patient safety indicators 
(hospital acquired infections, decubitus ulcers, endocrine or 
metabolic complications, venous thromboembolism, car-
diac complications, respiratory complications, hemorrhagic 
events, drug-related adverse events, adverse events related 
to fluid management, complications directly related to sur-
gery, traumatic injuries arising in the hospital, anesthesia- 
related complications, delirium, central nervous system 
complications, gastrointestinal complications, severe events 
threatening to life; Supplemental Digital Content table 4, 
http://links.lww.com/ALN/C641) developed by a team of 
experts in patient safety and health data to identify adverse 
outcomes potentially related to in-hospital patient safety.30,31

Anticipated Sample Size and missing Data

We estimated that we would identify approximately 10,000 
hip fractures per year; however, estimating the expected 
number of nerve block–attributable adverse safety out-
come was difficult. Assuming cardiac arrest would be the 
most common component of the composite (~0.5% of 
admissions), we estimated that we would have at least 450 
outcomes, which conservatively supports 45 degrees of 
freedom for modeling. Our prespecified approach to miss-
ing data was to use multiple imputation if greater than 1% 
of participants had missing covariate data or complete case 
analysis if less than 1% had missing covariate data. All analy-
ses were conducted using a two-sided significance threshold 
of P < 0.05; sensitivity analyses were exploratory, and we 
did not prespecify multiplicity adjustment.

Analysis

All analyses employed SAS, version 9.4 for Windows (SAS 
Institute, USA). Descriptive statistics (proportions for cate-
gorical variables, means, and SDs for normally distributed 
continuous variables, and median and interquartile ranges 
for skewed continuous variables [with distributions visually 
inspected for normality]) were compared between exposure 
levels using absolute standardized differences.

To address our first objective, we estimated the inci-
dence proportion (per person) of the primary outcome and 
each of its components, generating 95% CI using Wilson’s 
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method. We then estimated the unadjusted and adjusted 
association of nerve block receipt with the primary out-
come using logistic regression. Adjusted models accounted 
for each hospital as a random intercept along with prespec-
ified covariates (see parameterizations Supplemental Digital 
Content table 5, http://links.lww.com/ALN/C641). The 
adjusted model was also used to estimate the absolute risk 
difference and 95% CI via bootstrap resampling across rep-
licates generated with replacement; 1,000 replicates were 
planned, but computational limitations required decreasing 
the number of replicates to 400.32 The secondary outcome 
was analyzed as described for the primary.

Sensitivity Analyses

To test the robustness of our primary outcome, we ran 
our primary outcome analysis again with the following 
alterations: (1) additionally adjusting for filling a pre-
operative opioid prescription (limited to the subgroup 
admitted in 2012 or later); (2) additionally adjusting for 
filling a potentially confounding drug prescription in the 
subgroup of patients over 65 (anticoagulants, antiplate-
let agents, antipsychotics, benzodiazepines, opioids, and 
dementia medications); (3) adjusting for laboratory val-
ues in the subgroup with available data (as three-knot 
restricted cubic splines, serum creatinine, hemoglobin, 
sodium, and potassium); (4) changing the exposure from 
a binary variable to a three-level categorical (no nerve 
block, single nerve block [emergency department record 
only], and single nerve block [non–emergency depart-
ment record only]); and (5) changing the exposure from 
a binary variable to a three-level categorical (0, 1, and 2 
or more) variable representing the total count of blocks 
received.

results
We identified 91,563 hip fracture patients from 2009 to 
2017; 15,631 (17.1%) received a nerve block. Age, sex, and 
frailty status were similar between exposure levels, while 
nerve blocks were more common in patients who had sur-
gery and use increased over the study period (table 1). Only 
171 nerve blocks (1.1%) were documented in the emer-
gency department record only; 544 (3.5% with any block) 
received two nerve blocks, and 19 (0.1%) received three or 
four during the index admission. No exposure or outcome 
data were missing; 400 (0.4%) participants had any missing 
covariate data; therefore, complete case analysis was used.

potentially Nerve block–Attributable Safety events

The potentially nerve block–attributable safety event com-
posite occurred in 5,321 of the 91,563 included patients 
(5.8%; 95% CI, 5.7 to 6.0). In patients with a block, 866 of 
15,631 (5.5%) had a potentially nerve block–attributable 
safety event compared to 4,455 of 75,932 (5.9%) without a 
block. Table 2 provides a breakdown by nerve block receipt 

status, as well as by each component of the composite. 
Fall-related injuries were the most common component, 
whereas seizures were rare.

On an unadjusted basis, there was no association between 
potentially nerve block–attributable safety events and 
nerve block receipt (odds ratio, 0.94; 95% CI, 0.87 to 1.01;  
P = 0.112). After multilevel, multivariable adjustment, there 
remained no evidence of association (odds ratio = 1.05;  
95% CI, 0.97 to 1.15); the adjusted model predicted 
observed outcome rates close to the line of ideal calibration 
across the risk spectrum (Supplemental Digital Content 
table 5, http://links.lww.com/ALN/C641) and had a c- 
statistic of 0.71. The adjusted absolute risk difference was 
0.3% (95% CI, –0.1 to 0.8)

Sensitivity Analyses

A full summary of results of sensitivity analyses is provided 
in figure 1. Receipt of multiple nerve blocks was associated 
with an increase in the odds of potentially nerve block– 
attributable safety events; nerve blocks documented in the 
emergency department record were also associated with 
increased rates of adverse outcomes. Additional adjustment 
for prefracture filling of opioid prescriptions, filling pre-
scriptions for potentially confounding other medications, 
and laboratory values did not change the direction, size, or 
significance of the primary finding substantively. All models 
specified for sensitivity analyses had c-statistics of 0.71.

Secondary Outcomes

The incidence of any patient safety indicator event was 
19,394 (25.5%) for patients without a nerve block and 3,670 
(23.5%) for those with a nerve block (unadjusted odds ratio, 
0.89; 95% CI, 0.86 to 0.93). After multilevel, multivariable 
adjustment, receipt of a nerve block was not associated with 
occurrence of any patient safety indicator events in hospital 
(odds ratio, 0.99; 95% CI, 0.94 to 1.03; P = 0.557).

discussion
In this retrospective, population-based study, we found 
no evidence that receipt of a nerve block was associated 
with increased odds of potentially nerve block–attributable 
adverse events in hip fracture patients. We also found no 
association between receipt of a nerve block and any occur-
rence of patient safety incidents. However, future study is 
required to evaluate provision of nerve blocks in non– 
operating room locations and where multiple nerve blocks 
are provided during the same admission.

Moderate to severe pain is common after hip fracture.33 
However, achieving safe and effective pain relief is well 
described as a substantial challenge because of the vulnera-
ble nature of hip fracture patients. These sources of vulner-
ability place hip fracture patients at risk of adverse events 
due to undertreated pain and the systemic effects of analge-
sics.2,34,35 To date, systematic review of randomized trials and 
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table 1. Cohort Characteristics by Nerve block Status

 
no nerve Block
(n = 75,932)*

nerve Block
(n = 15,631)*

absolute  
Standardized difference

Age 81 (SD 10) 81 (SD 10) 0.00
Female 69.8 70.3 0.01
Neighborhood income quintile
 Lowest quintile 23.6 24.6 0.02
 2 20.9 23.0 0.05
 3 19.3 18.4 0.02
 4 18.1 17.2 0.02
 Highest quintile 17.7 16.3 0.04
rural residence 13.9 10.6 0.10
Frailty Index score 0.24 (SD 0.08) 0.23 (SD 0.08) 0.01
resource utilization band
 Lowest two quintiles 1.5 1.6 0.01
 3 13.3 13.5 0.01
 4 24.3 25.3 0.02
 Highest quintile 60.9 59.6 0.03
preadmission nursing home 17.0 15.9 0.03
ASA score
 I to II 7.7 5.0 0.11
 III 38.5 38.5 0.00
 IV or V 42.0 49.2 0.14
 No surgery 11.7 7.3 0.15
Acute hospitalization of less than 1 yr 25.0 24.0 0.02
Number of emergency department visits in less than 1 yr
 None 39.3 41.9 0.05
 One 28.1 27.9 0.00
 two or more 32.6 30.2 0.05
Diabetes with complications 14.1 14.4 0.01
Diabetes without complications 13.2 13.5 0.01
Heart failure 11.7 10.7 0.03
Hypertension without complications 40.1 39.0 0.02
Hypertension with complications 1.2 1.0 0.02
Chronic pulmonary disease 11.8 10.8 0.03
Dementia 11.6 11.5 0.00
Cerebrovascular disease 5.4 4.7 0.03
Chronic renal disease 4.2 4.0 0.01
Dialysis 1.4 1.4 0.00
primary cancer 7.4 7.0 0.02
metastatic cancer 2.0 1.7 0.02
peripheral vascular disease 2.5 2.3 0.01
Liver disease 1.3 1.0 0.03
peptic ulcer disease 1.5 1.4 0.01
rheumatic disease 1.0 0.7 0.03
Hemiplegia or hemiparesis 0.9 0.7 0.02
Atrial fibrillation or flutter 8.9 8.0 0.03
Venous thromboembolism 0.7 0.6 0.01
Cardiac valve disease 3.3 3.3 0.00
Disease of the pulmonary circulation 2.3 2.1 0.01
Coagulopathy 2.7 2.3 0.03
Obesity 1.0 0.8 0.02
Weight loss 3.4 3.0 0.02
blood loss anemia 17.9 16.6 0.03
Deficiency anemia 0.6 0.6 0.00
Alcohol abuse 3.2 2.6 0.04
Drug abuse 0.6 0.5 0.01
psychoses 0.9 0.9 0.00
Depression 4.4 3.9 0.03
Year of admission
 2009 10.9 7.4  
 2010 11.1 9.0 0.07
 2011 11.1 8.9 0.07
 2012 11.4 9.7 0.06
 2013 11.8 10.7 0.03
 2014 11.6 10.2 0.04
 2015 10.6 13.4 0.09
 2016 11.0 14.0 0.09
 2017 10.5 16.8 0.18

*Column values represent percentages with each characteristic, unless otherwise specified.
ASA, American Society of Anesthesiologists.
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population-based studies both suggest benefits from nerve 
blocks for hip fracture patients, including improved pain 
control and mobility and reduced complications, length of 
stay, and healthcare costs.9,13 However, randomized trials, 
primarily designed for questions of efficacy, do not typically 
address safety concerns in an adequate manner.36 Whereas 
the review of Guay et al.6 did not identify safety issues, the 
majority of data available related only to changes in vital signs 
in immediate proximity to block placement. Furthermore, 
trial populations and processes may not reflect routine prac-
tice. In the setting of hip fractures, the largest trials included 
in systematic reviews had younger populations with more 
males and less renal dysfunction and had much closer 
monitoring practices than the general population, which 
was further reflected in highly selective inclusion criteria 

leading to low proportions (13%) of screened patients being 
enrolled.6,9,37 Therefore, as utilization of nerve blocks in hip 
fracture care increases,38,39 the safety of vulnerable older 
patients must be carefully considered.

In the current study using routinely collected data, we 
found that most safety events potentially attributable to 
nerve blocks were rare overall and unlikely to be associated 
with nerve blocks, especially as 95% CIs included the null 
value and did not include even a moderate effect size.40,41 
In-hospital cardiac arrests, seizures, and investigations 
related to possible nerve injury each had well under 1% 
incidence. However, injuries related to falls were present in 
5% of records, further highlighting the risk of falls in older 
patients42 and the need to decrease in-hospital falls through 
improvements in systems of care. Furthermore, more than 

table 2. Incidence of potentially Attributable Adverse events

 no nerve Block (n = 75,932) nerve Block (n = 15,631)

 n %* n %*

Composite† 4,455 5.9 (5.7–6.0) 866 5.5 (5.2–5.9)
Cardiac arrest 778 1.0 (1.0–1.1) 137 0.9 (0.7–1.0)
Fall-related injury 3,414 4.5 (4.4–4.7) 682 4.4 (4.1–4.7)
Seizure 22 0.03 (0.02–0.04) ‡ 0.02 (0.01–0.06)
Nerve injury 420 0.6 (0.5–0.6) 73 0.5 (0.4–0.6)

*95% CI provided in parentheses and calculated using Wilson’s method. †Composite represents the incidence of any of cardiac arrest, fall-related injury, seizure, or nerve injury. ‡Not 
reportable because of cell size less than 6.

Fig. 1. Forest plot of adjusted odds ratios from sensitivity analyses examining association between nerve blocks and the composite of 
fall-related injuries, seizures, cardiac arrest. or nerve injury: (1) adjusted for filling a preoperative opioid prescription (n = 48,391 without a 
block vs. n = 11,269 with a block); (2) adjusted for filling a prescription (anticoagulants, antiplatelet agents, antipsychotics, benzodiazepines, 
opioids, or dementia medications) in people more than 65 yr old (n = 68,243 without a block vs. 14,257 with a block); (3) adjusted for lab 
values (creatinine, hemoglobin, sodium, or potassium; n = 75,932 without a block vs. 15,631 with a block); (4a) one block received during the 
hospitalization versus none (n = 75,932 without a block vs. n = 15,068 with one block); (4b) more than one block received during the hospi-
talization versus none (n = 75,932 without a block vs. n = 563 with more than one block); and (5) nerve block in the emergency department 
versus no block (n = 75,932 without a block vs. n = 171 with a block in the emergency department).
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25% of patients experienced at least one patient safety inci-
dent overall based on a validated definition derived from 
diagnostic codes identified by patient safety experts to be 
attributable to quality of care.30,31 This further highlights 
the vulnerability of hip fracture patients and the need to 
improve the quality of care and resultant outcomes that 
they experience. Finally, although exploratory, our data did 
identify associations between nerve blocks and attributable 
adverse events in certain circumstances. Specifically, peo-
ple receiving multiple nerve blocks during their admission 
had a 2.5-fold increase in their odds of a potentially attrib-
utable safety event, whereas blocks that were documented 
only in the emergency department were associated with 
a 1.9-fold increase. These results must be cautiously inter-
preted because we found only 171 blocks documented in 
the emergency department and 563 patients who received 
more than one block. Such individuals may have unmea-
sured characteristics could lead to residual confounding and 
potentially biased results. The results of our sensitivity analy-
ses serve primarily as a call for future research as underlying 
mechanisms are biologically plausible but underrepresented 
in these secondary analyses. For example, a patient may be 
at greater risk of local anesthetic exposure or nerve issues 
with multiple blocks,10,11 and there is the possibility of less 
monitoring in a non–operating room setting.12

Strengths and Limitations

This study, and these findings, should be appraised in con-
sideration of their strengths and limitations. First, our study 
used routinely collected health administrative data, which 
were not initially collected for research purposes. Although 
the population-based nature of these data supports the gen-
eralizability of our findings and directly aligns with our 
study’s objectives, certain biases could be present. Although 
our exposures and outcomes have been previously val-
idated, differing billing and documentation practices in 
Ontario emergency departments could have led to misclas-
sification of nerve block procedures provided in this set-
ting. Additionally, nerve block billing codes have specifically 
been validated in shoulder surgery; although we have no 
reason to believe accuracy would differ substantively in hip 
fracture and overall physician billing codes in Ontario have 
been found to be highly accurate,43 misclassification was 
possible. Although limiting our cohort to people 50 yr or 
older increases the likelihood of isolated fragility fractures, it 
is possible that some blocks were placed for analgesia related 
to other fracture locations in the case of multiple sites of 
injury. Specifically, we were unable to ascertain the specific 
anatomic location of each block, whether it was a plexus or 
fascial plane technique, or whether ultrasound was used to 
guide nerve block placement. Furthermore, our potentially 
nerve block–attributable adverse events definitions relied 
on administrative data codes, which typically capture only 
events substantial enough to be documented in the medical 
record and do not provide a specific date of occurrence, 

only that the event arose after admission. This means that 
temporal misclassification is possible (i.e., an event could 
have occurred before a block was placed), which would bias 
our findings away from the null. Less severe events may have 
been missed but could still be relevant to decision making 
and care planning. Our outcome was a composite that had 
a single event (fall-related injuries) that was of much higher 
incidence than the other components. However, analysis of 
each component of the composite separately did not sug-
gest a differential effect. Any observational study is also at 
risk of confounding and indication bias. We used a robust 
set of prespecified covariates along with multilevel model-
ing to adjust for measurable confounders and completed 
a variety of sensitivity analyses to test the role of differ-
ent high-priority confounders; the results of these analyses 
were consistent and support the robustness of our findings. 
Finally, we cannot assess the degree to which our findings 
would generalize to health systems that are substantially dif-
ferent than Ontario’s.

Conclusions

In older adults admitted to the hospital with hip fracture, 
we found no evidence to suggest that provision of periph-
eral nerve blocks is associated with increased risk of poten-
tially attributable adverse events.
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