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Purpose: To compare the effects of peripheral nerve block (PNB) and spinal anesthesia (SA)
on one-year mortality and walking ability of elderly hip fracture patients after hip arthroplasty.
Methods: Patients >65 years who underwent unilateral hip arthroplasty due to femoral neck
fracture, using either PNB or SA from 2014 to 2019, were included. Demographic data,
comorbidities, and results of preoperative screening were retrospectively collected. Propensity
score matching (PSM) was performed in a ratio of 1:1 for PNB and SA groups. The primary
outcomes were 30-day, 90-day, and one-year mortality. Secondary outcomes included walking
ability in the first postoperative year, major complications, length of stay, and the cost of
hospitalization. Survival analysis was performed using Kaplan—-Meier method.

Results: Three hundred and sixteen patients were included, of whom 200 received SA and
116 received PNB. Eighty-nine patients in each group were matched after PSM. Patients in
the PNB group showed significantly lower risks of death in 30 days (2.2% vs 10.1%,
P=0.029) and 90 days (3.4% vs 12.4%, P=0.026) after hip arthroplasty, when compared to
the SA group. There was no significant difference in one-year mortality, walking ability,
major complications, and length of stay. Higher hospitalization cost was found in the PNB
group (53,828.21 CNY vs 59,278.83 CNY, P=0.024). One-year accumulated survival rate
was higher in the PNB group without reaching a significant level.

Conclusion: PNB was related to lower 30- and 90-day mortality but higher hospitalization
cost in elderly hip fracture patients after hip arthroplasty. However, the anesthesia types were
not associated with one-year mortality, one-year walking ability, major complications, and
length of stay.

Keywords: elderly hip fracture, 30-day mortality, walking ability, peripheral nerve block,
propensity score matching

Introduction

As the worldwide population is aging, geriatric hip fracture becomes an increas-
ingly significant global public health problem. Hip fracture affects 4.5 million
people per year worldwide, and the number is expected to increase to 21 million
in the next 40 years.! Accounting for a majority of hip fractures, geriatric femoral
neck fracture is a common clinical scenario encountered by orthopedic surgeons.
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Despite major advances in anesthesia and surgical proce-
dure, patients who underwent urgent hip arthroplasty still
have significantly higher risks of functional disability and
mortality than patients who underwent other elective hip
surgeries.” Data from Australia in 2017 showed that 7% of
the patients died within 30 days of surgery.’ Detailed and
evidence-based peri-operative management protocols are
strongly needed for prognosis improvement in elderly
patients with hip fractures.

Type of anesthesia has proven to be closely related to
postoperative mortality in patients with hip fracture,* and
there is ongoing debate regarding the appropriate anesthe-
sia technique. Regional anesthesia (ie spinal or epidural)
and general anesthesia are presently the most widely used
techniques.” However, the applications of both types of
anesthesia are severely limited in cases of severe comor-
bidities (eg severe respiratory and cardiac dysfunction)
and anticoagulant administration, which are common in
elderly hip fracture patients.®

Peripheral nerve blocks (PNBs) share many of their
advantages with spinal and general anesthetic techniques.
Moreover, the efficiency of PNB in enhanced recovery
after surgery (ERAS) protocol for patients who have
undergone elective hip arthroplasty has been well
established.” It is believed that elderly patients with hip
fractures could also benefit from PNB for not only its
opioid-sparing effect and decreased risk of opioid-related
adverse event but also lower risks of cognitive dysfunc-
tion, pneumonia, and hemodynamic instability.” PNB is
also available for elderly patients whose airway manage-
ment is difficult and who have borderline respiratory
function.® However, whether these benefits would translate
into better clinical outcomes (mortality and walking abil-
ity) and decreased resource use (length of stay (LOS) and
cost of hospitalization) have yet to be well investigated.

Most of the studies concentrated on the use of PNB as
preoperative analgesia, as postoperative analgesia, or as
a supplement to general anesthesia for hip fracture
surgery.* '% To the best of our knowledge, there are only
a few retrospective studies and case reports concerning the
effect of sole application of PNB on postoperative mortal-
14 Quality and quantity of
evidence in these retrospective studies were largely limited

ity and functional outcomes.

due to the inevitable selection bias and confounding fac-
tors. Propensity score matching (PSM) is one of the major
statistical approaches to minimize selection bias. It was
also reported that data after PSM were approximated to
what a prospective randomized data set would have

shown.'® Thus, the aim of the present study was to inves-
tigate the effect of PNB on postoperative mortality and
walking ability in elderly hip fracture patients, and to
compare with SA in a retrospective, PSM design.

Methods and Materials
Study Design

The present study was conducted in accordance with the
ethical principles of the Helsinki declaration and was
approved by the institutional review board of Guangdong
Provincial People’s Hospital. Signed informed consents
for participation were unavailable due to the retrospective
design; accordingly, the institutional review board of
Guangdong Provincial People’s Hospital has waived the
informed consent procedure for the present study. The
electronic medical records of our hospital were reviewed
to identify patients who met the following inclusion cri-
teria: 1) aged >65 years, 2) having undergone unilateral
hip arthroplasty due to low-energy mechanism femoral
neck fracture, in conjunction with either nerve block
anesthesia or spinal anesthesia at our center between
January 1st, 2014 and December 31st, 2019. The exclusion
criteria included those with 1) a previous history of trauma
or surgery in the involved hip, 2) a peri-prosthetic or open
fracture, 3) severe multiple injuries that required emer-
gency surgery for non-orthopedic-related reasons, 4)
pathological fracture, and 5) absence of intact data.

Data Collection

Data of selected patients were retrospectively retrieved
from the medical database of our hospital. Demographic
features included patients’ pre-fracture condition (place of
residence, previous history of hip fracture in the contral-
ateral side), time from injury to surgery, age, sex, marital
status, medical insurance, and smoking history. Major
comorbidities included type 2 diabetes, circulatory
abnormalities (hypertension, coronary heart disease, prior
myocardial infarction, and arrhythmia), chronic obstruc-
tive pulmonary disease, pulmonary infection, prior stroke,
dementia, Parkinson’s disease, digestive system disorders,
chronic renal failure, rheumatologic disease, and osteo-
porosis. Charlson comorbidity index (CCI) was calculated
to obtain an overall assessment of preoperative comorbid
condition.'® Preoperative vital signs, results of the electro-
cardiogram and chest radiograph, as well as blood counts
and biochemical analyses (including hemoglobin, serum
albumin (ALB), international

blood glucose, and
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normalized ratio (INR)) obtained in the emergency depart-
ment were recorded. An abnormal vital sign was defined
according to the criteria of Zanker’s study.'” Results of
electrocardiogram and chest radiograph were classified as
“Abnormality” only when they were considered to be
clinically significant by the correspondent authors.
Treatment details including surgical procedures (hemiar-
throplasty and total hip arthroplasty) and anesthesia meth-
ods (PNB and SA) were also collected.

The independent variable in the present study was the
anesthetic technique (PNB vs SA). The primary outcomes
are all-cause mortality at 30 days, 90 days, and 1 year
following hip arthroplasty. Causes of death were also
recorded. Secondary outcomes included walking ability
in the first postoperative year, LOS, cost of hospitalization,
and major complications. All-cause mortality and walking
ability in the first postoperative year were obtained by
telephone follow-up. According to the functional indepen-
dence measure scoring system,'® patients were classified
as “independent walking” when they scored 5 points and
over in the locomotion section. Patients who died within
the first year after surgery were defined as walking ability
impairment. Major complications included pulmonary
infection, deep venous thrombosis in the lower limbs,
pulmonary embolism, craniocerebral events, prosthetic
joint infection, periprosthetic fracture, and dislocation.

Treatment Protocol in Peri-Operative

Period
Patients were booked for urgent surgery as soon as the
diagnosis was ascertained and major acute medical condi-
tions were ruled out or reasonably addressed. Standard
practice was to attempt to perform the surgical procedure
within 48 hours after the diagnosis was confirmed. The
details of PNB and SA procedures are presented below.
In the PNB group, three nerve blocks were conducted
to ensure adequate anesthesia and analgesia during hip
arthroplasties. Lumbar plexus, sciatic nerve, and first lum-
bar paravertebral nerve blocks were performed with
a needle connected to an electrical nerve stimulation. The
needle advanced until the contraction of femoral quadri-
ceps muscle, and plantar or dorsal flexion of the foot were
detected. The aforementioned nerves were further identi-
fied via handheld ultrasound, and the needle was inserted
with an “in plane” approach. Subsequently, the ropiva-
caine with specified dosage and concentration was
injected, namely 30mL (0.3%), 20mL (0.3%), and 8mL

(0.25%) for lumbar plexus, sciatic nerve, and first lumbar
paravertebral nerve blocks, retrospectively. Conscious
sedation was achieved with dexmedetomidine, with con-
centrations of lug/kg (intravenous drip within 10 minutes)
at the beginning of anesthesia, and 4ug/kg/h during the
surgery.

In the SA group, SA was performed with a 25 G needle
and 12.5-15 mg 0.5% levobupivacaine. The L3-L4 or L4-
L5 intervertebral spaces were selected for spinal puncture.
Local anesthetic (1 mL 1% lidocaine) was used for skin
infiltration. None of the patients received any sedation in
the SA group.

Operations were performed through the standard pos-
terolateral approach. Surgical procedures (hemiarthro-
plasty or total hip arthroplasty) were determined by
surgeons under the consideration of patients’ physical
condition and acetabular morphology. If used, drainage
tubes and catheters were removed within 24 hours follow-
ing surgery. Antibiotics were initiated intraoperatively and
maintained for 24-48 hours postoperatively for surgical
infection prophylaxis. Low-molecular-weight heparin was
administered for thromboprophylaxis. The standard post-
operative active physiotherapy regimen was guided by an
individual physiotherapist visiting once or twice a day.
One week after surgery, partial weight-bearing was
initiated. Full weight-bearing was allowed two weeks post-
operation.

Statistical Analysis

Continuous data were expressed as mean =+ standard devia-
tion or median with interquartile range. Categorical data
were presented as percent (count). CCI was transformed
into binary variable, and the median of CCI (4) was set as
the cutoff. Baseline characteristics between the PNB and SA
groups were summarized and compared using bivariate tests
(Mann—Whitney U, ¥*, and Fisher’s exact tests). Patient
demographics and baseline clinical data that could possibly
affect postoperative morbidity and mortality were included,
and a PSM analysis was performed with a ratio of 1:1. The
rationale and methods of PSM to evaluate cause-and-effect
relationships in retrospective studies have been well
described.'® Briefly, the propensity score was calculated by
logistic regression analysis using patient demographics and
baseline clinical data to examine the association of anesthe-
sia type with 30-day, 90-day, and one-year mortality. The
tolerance error of PSM was 0.02. One-year survival analysis
was performed using Kaplan-Meier analysis with Log rank
test. Two-tailed tests were used, and differences were
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considered significant if p<0.05. SPSS 20.0 statistical soft-
ware (Chicago, IL, USA) was used for the analysis.

Results

Demographic Data

We identified 427 patients who underwent hip arthroplasty
due to femoral neck fracture between January 1st, 2014 and
December 31st, 2019. After screening, 316 patients were
included in the final analysis; details are shown in the
flowchart (Figure 1). Two hundred patients (63.3%) received
SA and 116 patients (36.7%) received PNB. The unmatched
groups differed in a number of baseline characteristics
(Table 1). Patients who underwent SA were more likely to
be younger, have a lower CCI score, have a spouse, smoke,
to have been treated for total hip arthroplasty, and were less
likely to receive anti-osteoporosis treatment before fracture.

Of the 316 patients, only 18.4% (n=58) underwent standar-
dized anti-osteoporosis treatment before the fracture; details
are shown in Table 2. One hundred and seventy-eight
patients (89 per group) were selected after PSM. No signifi-
cant difference in baseline characteristics was found

between the two groups after matching (Table 1).

Primary Outcomes

As shown in Table 3, patients in the PNB group showed
a significantly lower risk of death in 30 days (2.2% vs
10.1%, P=0.029) and 90 days (3.4% vs 12.4%, P=0.026)
after hip arthroplasty, when compared to the SA group. Odds
ratios of the SA group for 30- and 90-day mortality were 4.50
and 3.67, respectively. However, no significant difference was
found regarding one-year mortality (11.2% vs 16.9%,
P=0.281). Kaplan-Meier analysis showed that one-year

Enrollment
n=427
/I_Exclusion n=11h
* Pathological fracture n=6
* Previous history of trauma or surgery n=13
* Severe multiple injuries n=
* Peri-prosthetic or open fracture n=10
* General anesthesia n=35
« Absence of intact data n=17
\- Refusal of follow-up n=22 /
Analysis )
n=316

n=116

Spinal anesthesia
n=200

[ Propensity score matching (1:1) ]

Nerve block ]

Nerve block

Spinal anesthesia
n=89

n=89

J |

|

[ Statistical analysis ]

Figure | Flowchart of the present study.
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Table 1 Demographic Data
Items Before PSM After PSM
SA Group PNB Group P value SA Group PNB Group P value
(n=200) (n=116) (n=89) (n=89)
Age (years) 76.5%1.1 8l.1x1.4 <0.001 77.3x1.7 79.9+1.6 0.105
Gender (male, %) 53 (26.5%) 21 (18.1%) 0.089 15 (16.9%) 18 (20.2%) 0.563
CCl (=4, %) 132 (66.0%) 49 (42.2%) <0.001 37 (41.6%) 44 (49.4%) 0.292
Marriage (with spouse, %) 148 (74.0%) 73 (62.9%) 0.039 62 (69.7%) 60 (67.4%) 0.747
Smoking history (no, %) 199 (99.5%) 112 (96.6%) 0.043 88 (98.9%) 88 (98.9%) 1.000
Resident (downtown, %) 164 (82.0%) 98 (84.5%) 0.572 70 (78.7%) 76 (85.4%) 0.242
Medical insurance (no, %) 83 (41.5%) 42 (36.2%) 0.354 36 (40.4%) 31 (34.8%) 0.439
Surgery (THA, %) 94 (47.0%) 20 (17.2%) <0.001 17 (19.1%) 17 (19.1%) 1.000
Anti-osteoporosis treatment (no, 23 (11.5%) 35 (30.2%) <0.001 16 (18.0%) 17 (19.1%) 0.847
%)
Fragility fractures (no, %) 188 (94.0%) 108 (93.1%) 0.752 85 (95.5%) 83 (93.3%) 0.515
Time from injuries to surgery 7 (5, 15) 8 (6, 15) 0.143 7 (5 12) 9 (6, 15) 0.051
(days)
Baseline GLU (mmol/L) 6.26+0.31 6.67+0.46 0.128 6.57+0.42 6.30+£0.50 0.421
Baseline HGB (g/L) 114.90+2.55 116.96+3.20 0.328 116.68+3.89 116.52+3.72 0.954
Baseline ALB (g/L) 33.63%0.60 33.3540.77 0.574 33.73+0.83 33.26+0.93 0451
Baseline INR 1.1740.03 1.24+0.27 0.108 1.08+0.05 1.08+0.03 0.889
Baseline vital signs (normal, %) 145 (72.5%) 72 (62.1%) 0.054 58 (65.2%) 54 (60.7%) 0.535
Electrocardiograph (normal, %) 75 (37.5%) 43 (37.1%) 0.939 33 (37.1%) 31 (34.8%) 0.755
Chest radiography (normal, %) 43 (21.5%) 23 (19.8%) 0.724 18 (20.2%) 14 (15.7%) 0.435

Table 2 Details of Anti-Osteoporosis Treatment Before
Fractures

Items n %
Standardized anti-osteoporosis therapy 58 18.4%
Calcium + vitamin D + zoledronic acid 22 7.0%
Calcium + vitamin D + alendronate 17 5.4%
Calcium + vitamin D + teriparatide 13 4.1%
Calcium + vitamin D + XianLingGuBao 6 1.9%
Non-standardized anti-osteoporosis therapy 47 14.8%
Irregular medication usage 33 10.4%
Calcium only 14 4.4%
Without anti-osteoporosis treatment 211 66.8%

accumulated survival rate was higher in the PNB group with-
out reaching a significant level (Figure 2). A total of 25 deaths
were documented within the first year after surgery (15 in the

SA group and 10 in the PNB group); the causes of one-year
mortality are summarized in Table 4. Both matched groups
had a similar incidence of cardio-cerebral vascular accidents,
which also comprised the largest proportion.

Secondary Outcomes

Patients in the PNB group showed similar independent walk-
ing rate, LOS, and incidence of postoperative complications as
compared with the SA group (Table 5). Pulmonary infection
comprised the largest proportion of postoperative complica-
tions in both groups. The mean hospital cost for the SA group
was significantly lower than that of the PNB group (53,828.21
CNY vs 59,278.83 CNY, P=0.024).

Discussion
In the present study, we found that there was a significant
association between PNB and lower 30- and 90-day

Table 3 Comparison of 30-Day, 90-Day, and One-Year Mortality (n, %)

SA Group (n=89) PNB (n=89) OR (95% CI) P value
30-day mortality 9 (10.1%) 2 (2.2%) 4.50 (1.00-20.24) 0.029
90-day mortality 11 (12.4%) 3 (3.4%) 3.67 (1.06-12.70) 0.026
One-year mortality 15 (16.9%) 10 (11.2%) 1.50 (0.71-3.16) 0.281
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Figure 2 Cumulative postoperative mortality over time. The Y axis represents mortality expressed as a percentage of all cases. The X axis represents the number of
postoperative months. The blue curve corresponds to patients who underwent spinal anesthesia, while the red curve corresponds to those who underwent peripheral

nerve block.

mortality. It has been suggested that the advantage of PNB
in postoperative mortality is related not only to its opioid-
sparing effect and decreased risk of opioid-related adverse
event, but also lower risks of cognitive dysfunction, pneu-
monia, and hemodynamic instability due to short time of
ambulation.”® Only a few retrospective studies have
focused on whether PNB can improve the postoperative
outcomes of elderly patients with hip fractures, but their
results remain conflicting. Patients with femur and hip

study found that 30-day mortality was lower in the PNB
group than the non-PNB group (19.1% vs 8%, in line with
our findings.”? But other studies, conducted as secondary
outcomes without adjusted analysis, found no significant
difference in 30-day mortality between PNB and non-PNB

groups.'>? 1t is well known that one common limitation

Table 5 Comparison of the Secondary Outcomes in the Ist
Postoperative Year

fractures have shown benefits including morbidity and Items SA Group | PNB Group | P value
mortality advantages with PNB techniques.”’ Karaca’s (n=89) (n=89)
Independent walking 72 (80.9%) 63 (70.8%) 0.115
Table 4 Causes of One-Year Mortality (n, %)
Causes SA GRoup PNB Group Complications (n, %) 7 (7.9%) 9 (10.1%) 0.600
(n=89) (n=89) Pulmonary infection 4 (57.1%) 4 (44.4%)
(n. %)
o, )
n % n * DVT/PE (n, %) I (14.3%) 3 (33.3%)
Malignant tumor 2 13.3 2 20.0 Prosthesis 0(0) 2 (22.2%)
Pulmonary infection | 6.7 | 10.0 dislocation (n, %)
Kidney failure 2 13.3 0 0.0 Prosthetic joint 2 (28.6%) 0 (0)
Cardio-cerebral vascular accidents 6 40.0 3 30.0 infection (n, %)
Natural death i A B Hospital stays (days) 12.3£1.3 11.8£13 0.569
Pulmonary embolism | 6.7 0 0.0
Undetermined 2 133 2 20.0 Hospitalization costs 53,828.21 59,278.83 0.024
Total 15 100 10 100 (CNY) +2552.48 +4008.94
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of observational studies is selection bias, a consequence of
lack of randomization, which results in higher-risk patients
being more likely to undergo one of the interventions due
to the theorized benefits. The retrospective studies in ques-
tion enrolled patients with different types of hip fracture
surgery
options (total hip arthroplasty, hemiarthroplasty, and inter-

(femoral neck vs intertrochanteric fracture),
nal fixation), and comorbidities between the PNB and non-
PNB groups. Since mortality and other functional out-
comes of elderly patients with hip fracture were affected
by many patient-specific and treatment-related factors,?**>
we believed that selection bias might be a plausible expla-
nation for the conflicting results between previous studies
and our own.

PSM, used in the present study, is one of the main
statistical approaches to minimizing selection bias. PSM
offers certain advantages over more traditional regression
methods to control for confounding by indication in obser-
vational studies.”® By estimating the treatment effect
through modeling the relationship between confounders
and treatment assignment, the subgroups created after
PSM were similar with respect to several meaningful
covariates that are a priori known to affect the outcome
of interest.”®*’ Presumably, data after PSM better approx-
imates what a prospective randomized data set would have
shown.'> To minimize the selection bias in the present
study, our PSM model included 18 independent variables
that were either proven to influence or were likely to
influence mortality. Most of the well-known preoperative
indicators for postoperative mortality that were described
in the previous studies,'’ such as gender, age, CCI, resi-
dence, and preoperative ECG results, were also included.
Furthermore, we enrolled qualified recent cases (2014-19)
to avoid potential confounding from unmeasured and
unknown effects of changes in processes of treatment
and postoperative care over the study period. In these
respects, our study likely has a higher standard of evidence
than other retrospective studies. However, prospective ran-
domized controlled studies are warranted for further inves-
tigation of this issue.

Although it was reported that better walking and stair
climbing ability was found in the PNB group at 6 weeks
after surgery,”® we found that the advantage of PNB on
mortality and walking ability disappeared when it came to
the first year after surgery. It has been reported that func-
tional recovery after hip fracture may be largely complete
in the first 6 months, extending up to 9 months for sub-
jective recovery.?’ Accordingly, we propose that this type

of anesthesia has a limited effect on one-year mortality, as
nearly all patients could fully or at least partially recover
from the surgery and return to normal life at 6 months
post-operation. We also found that cardio-cerebral vascular
accidents accounted for a smaller proportion of causes of
death in the PNB group, while lower risk of perioperative
hemodynamic instability in the PNB group might be clo-
sely related.’

The present study obtained different results from those
conducted in North America, which found that receipt of
PNB for hip fracture surgery is associated with decreased
LOS and health system costs.”> We hypothesize that this
discrepancy is attributable to differences in health care
systems. Chinese patients typically return home after full
recovery, rather than transfer to a rehabilitation center in
a short period after surgery, which leads to higher cost and
prolonged LOS.

We also noted that there was a relatively high mean
waiting time from injury to surgery in the present study. In
fact, all elderly hip fracture patients who were first
admitted to our center underwent surgical interventions
within 72h after the diagnosis in the recent 4 years (2017—
2021). However, some patients with severe comorbidities
upon whom it was deemed unsafe to perform surgeries in
local hospitals were transferred to our center. This would
appear to be a reasonable explanation as the screening and
transfer procedures in local hospitals are often time-
consuming (eg some cases might have a waiting time of
over 100 days). Additionally, the practice of early surgery
for hip fracture was widely adopted in our center after
early 2017. Thus, some cases between 2014 and 2016 had
a slightly longer waiting time, which might be another
potential cause.

Hip fracture is one of the major complications of
osteoporosis; standardized anti-osteoporotic therapy has
been associated with decreased postoperative mortality
for elderly patients with hip fracture.® Consistent with
an earlier study by Compston et al,*' we also found that
only 18% of elderly hip fracture patients had standardized
anti-osteoporosis treatment prior to injury. Orthopedic sur-
geons need to pay more attention to osteoporosis treatment
to obtain better clinical outcomes and long-term prognosis
for elderly patients with hip fractures.

Our study was subject to certain limitations. First, it
is a single-center, retrospective study with a relatively
small sample size. Although we performed PSM to mini-
mize the potential influence of selection bias, we
acknowledge that a larger sample size is strongly
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needed. Second, sole PNB for a hip fracture is
a challenging procedure with multiple steps; as such,
operator bias may be inevitable in the present study.
Additionally, the PNB group had a lower 30-day mortal-
ity but a higher hospitalization cost in our study. We
propose that a higher charge for PNB in our center
might be a potential explanation. This hypothesis could
not be validated as we did not obtain access to the
itemized list of hospitalization costs, but only the total
amount. Lastly, it was proven that dementia predicted
one-year mortality for patients with hip fracture.****
However, we could not enroll this variable due to the
lack of quantitative assessment of preoperative cognitive

impairment in the original medical record.

Conclusion

We conducted a retrospective analysis with PSM design
and found that PNB was related to lower 30- and 90-day
mortality but higher hospitalization cost in elderly hip
fracture patients after hip arthroplasty. However, PNB
was not the factor that affected one-year mortality and
walking ability, as well as major complications, and
LOS. Orthopedic surgeons must pay greater attention to
osteoporosis treatment to obtain better clinical outcomes
and long-term prognosis for elderly patients with hip
fractures.
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