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Abstract

Background

The evidence supporting the benefit of femoral nerve block (FNB) for positioning before spi-

nal anesthesia (SA) in patients suffering from a femur fracture remains inconclusive. In the

present study, the authors intended to determine the efficacy and safety of FNB versus an

intravenous analgesic (IVA) for positioning before SA in patients with a femur fracture.

Method

PubMed, EMBASE, Cochrane, and Scopus databases were searched up to January 2018.

We included randomized controlled studies (RCTs) and observational studies that com-

pared FNB versus IVA for the positioning of patients with femur fracture receiving SA. The

primary outcome was pain scores during positioning within 30 min before SA. Secondary

outcomes were the time for SA, additional analgesic requirements, anesthesiologist’s satis-

faction with the quality of positioning for SA, participant acceptance, and hemodynamic

changes. A random-effects model was used to synthesize the data. We registered the study

at PROSPERO with an ID of CRD42018091450.
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Results

Ten studies with 584 patients were eligible for inclusion. FNB achieved significantly lower

pain scores than IVA during positioning within 30 min before SA (pooled standardized mean

deviation (SMD): -1.27, 95% confidence interval (CI): -1.84 to -0.70, p < 0.05). A subgroup

analysis showed that the analgesic effect was larger in patients in the sitting position for SA

than a non-sitting position (sitting position vs non-sitting: pooled SMD: -1.75 (p < 0.05) vs

-0.61 (not significant). A multivariate regression showed that the analgesic effect was also

associated with age and the total equivalent amount as lidocaine after adjusting for gender

(age: coefficient 0.048, p < 0.05; total equivalent amount as lidocaine: coefficient 0.005, p <
0.05). Patients receiving FNB also had a significantly shorter time for SA, greater anesthesi-

ologist satisfaction, and higher patient acceptance than patients receiving IVA. The use of

local anesthetics did not produce significant clinical hemodynamic change.

Conclusion

Compared to IVA, FNB was an effective and safe strategy for the positioning of femur frac-

ture patients for a spinal block, particularly patients who received SA in the sitting position.

Introduction

Femoral fracture is a well-known reason for surgical repair in patients of all ages. Sex- and age-

standardized incidences of femoral fracture for the UK, German, Netherlands, Danish, and

Spanish databases vary from 9 to 52 per 10,000 person-years for the general population [1].

The incidence of femoral shaft fractures ranges from of 9.5 to 18.9 per 100,000 annually [2].

Approximately 250,000 proximal femur fractures occur in the United States annually. This

number is anticipated to double by the year 2050 [3]. Approximately 98% of femur fractures

are managed surgically [4]. Spinal anesthesia (SA) is the preferred and commonly used method

for surgery, and it is associated with a lower odds of mortality compared to general anesthesia

[5]. The main proposed reason for improved mortality included avoidance of intubation and

mechanical ventilation, decreased blood loss, and improved postoperative analgesia [6]. SA

must be administered in a lateral decubitus or sitting position. Movement of the overriding

fractured end of the femur is inevitable, which causes excessive pain that makes positioning

patients with a fractured femur for SA challenging.

Femoral fractures are a considerably painful bone injury because the periosteum exhibits

the lowest pain threshold of all deep somatic structures [7]. Approximately one-third of patient

with fractured hip have mild pain at rest, one-third have moderate pain and one-third have

severe pain. But, over three-quarters of these patients have moderate to severe pain at move-

ment [4]. The failure to effectively control the pain before surgery in femur fracture patients

may lead to potential risks of cardiovascular events. Non-steroidal anti-inflammatory drugs

and opioids are commonly used analgesics. However, these agents may cause undesirable side

effects and complications [8]. Therefore, proper management of pain with the other choice is

paramount.

Femoral nerve block (FNB) is a safe, simple and easy to learn. Local anesthetic is injected

through the landmark method or under ultrasound guidance. A recent systematic review of

eight trials with 373 participants showed that peripheral nerve block reduces pain on move-

ment within 30 min of block placement more effectively than an intravenous analgesic (IVA)
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[9]. But heterogeneity is high, and most of these trials used a fascia iliaca nerve block (FINB)

and do not specifically evaluate positioning for SA.

Increasing numbers of published studies compared FNB to IVA with femur fractures for

positioning for SA [10–19]. But this evidence is not well-integrated. Therefore, we performed

a meta-analysis to specifically assess the efficacy and safety of FNB versus IVA for positioning f

SA in patients with a femur fracture in the operative setting.

Methods

Our meta-analysis followed the preferred reporting items for systematic review and meta-anal-

yses (PRISMA) guidelines (S1 PRISMA checklist) [20]. We registered the analysis at PROS-

PERO (PROSPERO ID: CRD42018091450).

Search strategy

Two authors (CWH and YPH) independently searched PubMed, EMBASE, Cochrane library

and Scopus databases from the first record to January 2018 using eligibility criteria with the

following search terms: femoral block, analgesic, spinal anesthesia, and fracture (S1 Table). No

language restrictions were applied. We also identified other studies using the reference sections

of relevant papers and correspondence with subject experts. We used the ClinicalTrials.gov

registry (http://clinicaltrials.gov/) for unpublished studies.

Inclusion and exclusion criteria

We included all published human randomized control trials (RCTs) or observational studies

with an adequate control group. Participants with a femur fracture who received FNB com-

pared to IVA for positioning before a spinal block in an operative setting were included. Case

reports, case series, and abstracts were excluded.

Outcomes of interest

Our primary outcome of interest was pain scores during positioning before SA. Secondary

outcomes were the time for SA, additional analgesic requirements, anesthesiologist’s satisfac-

tion with the quality of positioning for SA, participant acceptance, and hemodynamic changes.

Data extraction and management

Two reviewers (CWH and YPH) independently performed data extraction. Baseline and out-

come data, including study design, characteristics of study population criteria for inclusion

and exclusion, intervention method, post-treatment parameters, and complications, were

extracted. A third reviewer (CC) resolved any discrepancies. We contacted the authors of the

studies for additional information if required.

Assessment of risk of bias

Two reviewers (CHB and WCH) independently assessed the methodological quality. We used

the Cochrane risk of bias tool for RCTs [21]. This tool includes six domains: adequacy of ran-

domization, allocation concealment, blinding of participants and personnel, blinding of out-

come assessors, incomplete outcome data, as well as reporting bias and other biases. We used

the Newcastle-Ottawa scale tool for observational studies [22]. This tool has three domains,

including selection of the cohort, comparability of the groups, and quality of the outcomes.

The results were summarized in a risk of bias table. We resolved any disagreements on the

methodological quality assessment through comprehensive discussions.
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Statistical analysis

Data were analyzed using Review Manager (version 5.3, Copenhagen, Denmark). Pairwise

meta-analyses were performed for each included outcome using a random-effects model. We

used the mean differences (MD) and 95% confidence interval (CI) to estimate continuous out-

comes. The standardized mean difference (SMD) and 95% CI was used when continuous data

were given on different scales. For the SMD, we considered 0.2 a small effect, 0.5 a medium

effect, and 0.8 a large effect [23]. For binary outcomes, we estimated the odds ratio (OR) with

the 95% CI. Significant differences between groups were set at two-sided p-values smaller than

0.05. Statistical heterogeneity was estimated using the I2 statistic and χ2 test. Based on I2 values,

statistical heterogeneity was categorized into low (< 30%), moderate (30% - 60%), or high

(> 60%) [24]. If substantial heterogeneity was identified, we explored potential causes using

prespecified subgroup analyses (study design, country, fracture type, American Society of Anes-

thesiologists (ASA) classification, local anesthetic, SA position, and time from intervention to

SA). We also performed a sensitivity analysis to better understand the sources of statistical het-

erogeneity between studies and tested the robustness of our findings based on the RCTs that

were excluded because of high or unclear risk in each domain of the risk of bias, RCTs that were

excluded because of unclear information on the time from trauma to surgery or body weight,

and RCTs that were excluded because of no use of a stimulator to assist FNB or ultrasound to

guide FNB. Outcome measures were cross-validated using the mean difference. We applied a

meta-regression to assess relationships between age, gender, the total equivalent concentration

as lidocaine (calculated as follows: lidocaine = 1, bupivacaine = 4, and ropivacaine = 3) [25],

total equivalent amount as lidocaine (calculated as the total equivalent concentration in lido-

caine multiplied by the applied volume), and primary outcome using Comprehensive Meta-

Analysis software (version 3.3.070, Biostat, Inc., Englewood, New Jersey, USA). To calculate the

power for a random-effects meta-analysis, we used anticipated summary effect size (SMD = 0.8,

i.e. large effect) based on the study reported by Guay et al. [9] and the finding of our previous

work [26]. The average number of participants per group, total number of effect sizes, and

study heterogeneity were calculated based on current meta-analysis results. The power analysis

was performed according to the method reported by Valentine et al. [27]. Given a two-sided

type I error of 0.05, power large than 90% (i.e.βerror less than 10%) was regarded as powerful. If

at least 10 studies were included, asymmetry in funnel plots was used to detect publication bias.

We estimated the possible small study effects using Egger’s test [28].

Results

Results of the search

Fig 1 illustrates the screening and selection processes for the included studies. We identified

2,744 potentially relevant records through multiple database searches (PubMed, EMBASE, and

Cochrane library (n = 2,215); Scopus) and by searching references (n = 529). A total of 1,932

studies remained after removing duplicate articles. We screened the titles and abstracts, and

1,887 articles were determined to be ineligible. Full-text articles were excluded with no com-

parison (n = 4), no comparison of interest (n = 6), different interventions (n = 9), no relevant

outcome measure (n = 12), and review articles (n = 4). Ten studies [10–19] were ultimately

included for qualitative and quantitative synthesis.

Study characteristics

Tables 1 and S2 show the characteristics of the included studies. Eight studies [10–12, 14–18]

were RCTs, and two studies [13, 19] observational studies. These studies were performed in
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single centers in Italy [16], Ireland [18], Pakistan [10], India [12, 13, 15, 17, 19], Nepal [14],

and Thailand [11]. The study sample sizes ranged 24–100 subjects with 584 subjects in total.

The average age of participants ranged 32–80.2 years. Three of the included studies [14, 16, 18]

recruited more males than females for FNB. Two [10, 12] of the studies recruited a majority of

females for FNB. Four [11, 15, 17, 19] studies recruited equal numbers of the two sexes, and

one [13] study provided no information on sex. Three trials [10, 11, 16] reported the time

from trauma to surgery, and averages ranged from 2.3–15.6 days. Two studies included an

Fig 1. Flow diagram of the search process and search results.

https://doi.org/10.1371/journal.pone.0216337.g001

Positioning of femur fracture patients for spinal block

PLOS ONE | https://doi.org/10.1371/journal.pone.0216337 May 2, 2019 5 / 20

https://doi.org/10.1371/journal.pone.0216337.g001
https://doi.org/10.1371/journal.pone.0216337


isolated femoral neck fracture [16, 18], one study included only femoral shaft fractures [13],

and the other studies included all femur fractures [10–12, 14, 15, 17, 19]. Participants were

ASA I, II or I-III in various proportions. Exclusion criteria were similar for those in the

included studies. For the method of FNB, time from the intervention to SA varied from 5 to 30

min. Most studies used the landmark method [10–13, 15–19] or a stimulator [11–19] to per-

form FNB. The doses and types of local anesthetics were different. Seven studies [10, 12, 14–

16, 18, 19] used lidocaine, two [11, 13] studies used bupivacaine, and one [17] study used ropi-

vacaine. The dose and type of IVA also varied. Nine studies [11–19] used fentanyl, and one

study [10] used nalbuphine. For the position for SA, six studies [10, 13, 14, 16–18] used the sit-

ting position, and four studies [11, 12, 15, 19] did not use the sitting position.

Assessment of the risk of bias. Table 2 describes the methodological quality of the identi-

fied studies. Most RCT studies were rated as low risk of bias of randomization, incomplete out-

come data, and selective reporting. Three studies [12, 15, 16] had unclear information on

allocation and concealment. But we rated all studies [10–19] as an unclear or high risk of per-

formance bias because of the intervention method used. We also rated three studies [14–16] as

having a high risk of bias because these studies did not perform prespecified sample size

Table 1. Characteristics of the included studies.

Study Country Design Sample

size

Inclusion criteria FNB method Regiment SA

position

FNB IVA ASA Age

(years)

Fracture

type

Time

from

FNB to

SA

Approach Guidance FNB IVA

Sia 2004

[16]

Italy RCT, 1 center 20 20 I, II NA Femoral

neck

5 min Landmark Stimulator L, 15 mL 1.5% F, 3 µg/kg IV Sitting

Szucs 2012

[18]

Ireland RCT, 1 center 12 12 I~III >50 Femoral

neck

15 min Landmark Stimulator L, 10 ml 2% F, NA Sitting

Durrani

2013 [10]

Pakistan RCT, 1 center 42 42 I, II 18–80 Femur 15 min Landmark No

guidance

L, 15 ml, NA

% with

adrenaline

Nal, 6 mg IV Sitting

Jadon 2014

[12]

India RCT, 1 center 30 30 I~III 15–70 Femur 5 min Landmark Stimulator L, 20 mL,

1.5% with

adrenaline

F, 1 µg/kg IV Not

sitting

Reddy 2016

[15]

India RCT, 1 center 36 36 I~III 18–70 Femur 5 min Landmark Stimulator L, 20 mL,

1.5% with

adrenaline

F, 1 µg/kg IV Not

sitting

Ranjit 2016

[14]

Nepal RCT, 1 center 20 20 I, II 18–75 Femur 5 min Ultrasound Stimulator L, 20 mL,

1.5% with

adrenaline

F, 2 µg/kg IV sitting

Vats 2016

[19]

India Observational

study, 1 center

50 50 I-II 18–70 Femur 5 min Landmark Stimulator L, 20 mL,

1.5% with

adrenaline

F, 1 µg/kg IV Not

sitting

Iamaroon

2010 [11]

Thailand RCT, 1 center 32 32 I-II 18–75 Femur 15 min Landmark Stimulator B, 30 ml 0.3% F, 0.5 µg/kg

IV, two doses

with a 5-min

interval

Not

sitting

Pakhare

2016 [13]

India Observational

study, 1 center

30 30 I-II 18–65 Femoral

shaft

30 min Landmark Stimulator B, 30 ml 0.3% F, 3 µg/kg IV Sitting

Singh 2016

[17]

India RCT, 1 center 30 30 I-II 18–70 Femur 15 min Landmark Stimulator R, 15 ml 0.2% F, 0.5 µg/kg IV Sitting

RCT, randomized controlled trial; FNB, femoral nerve block; IVA, intravenous analgesic; NA, not available; ASA, American Society of Anesthesiologists; SA, spinal

anesthesia; L, lidocaine; B, bupivacaine; R, ropivacaine; F, fentanyl; Nal, Nalbuphine; IV, intravenous.

https://doi.org/10.1371/journal.pone.0216337.t001
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calculations. Two of the observational studies [13, 19] were identified. We rated one study [13]

as moderate quality (NOS score: 6), and the other study [19] as high quality (NOS score: 8).

Primary outcomes

Pain scores during positioning before SA (within 30 min). All ten studies [10–19]

(n = 584) evaluated pain scores during positioning within 30 min before SA (Fig 2). FNB

achieved significantly lower pain scores than IVA (pooled SMD: -1.27, 95% CI: -1.84 to -0.70,

p< 0.05, I2 = 89%). This finding was powerful (Fig 3).

A subgroup analysis showed that pain scores reduction changed with the SA position and

time from FNB to SA. Pain scores reduction was not influenced by the study design, country,

fracture type, ASA classification, or type of local anesthetic (Table 3). FNB had larger pain

score reductions than IVA in the sitting position (Fig 2, six studies (n = 288), pooled SMD:

-1.75, 95% CI: -2.42 to -1.07, p< 0.05, I2 = 81%). However, FNB had smaller pain score reduc-

tions than IVA in a non-sitting position, but this effect was statistically insignificant (Fig 2,

four studies (n = 296), pooled SMD: -0.61, 95% CI: -1.23 to 0.01, p = 0.06, I2 = 85%). Notably,

heterogeneity remained high. As to the time from FNB to SA, FNB had larger pain score

reductions in 30 min than 5 or 15 min (Fig 4, pooled SMD: 30 min (-3.01, p< 0.05) vs. 5 min

(-1.03, p< 0.05) and 15 min (-1.08, p< 0.05)). However, the results for 30 min were collected

from only one study [17], which makes this estimate less reliable.

We performed a meta-regression to determine whether the effect size varied with age, gen-

der, total equivalent concentration as lidocaine, and total equivalent amount as lidocaine. The

SMD for FNB compared to IVA was not moderated by age (p = 0.21), gender (p = 0.23), total

equivalent concentration as lidocaine (p = 0.52), or total equivalent amount as lidocaine

(p = 0.58) according to a univariate regression model (Table 4). After adjusting for gender,

Fig 2. Forest plot of positioning before spinal anesthesia (within 30 min).

https://doi.org/10.1371/journal.pone.0216337.g002
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age, or the total equivalent amount as lidocaine, both factors showed a positive association

with SMD for pain scores (Table 5, models 1, 2, and 5), but the total equivalent concentration

as lidocaine showed no association with the primary outcome after adjusting for gender

(Table 5, models 2 and 3). Model 5 was the best model for predicting the association with effect

sizes after adjusting for gender (Table 5, model 5, adjusted R2 = 0.80). The SMD of pain scores

were increased by 0.048 for every year increase in patient age (p< 0.05). The SMD of pain

Fig 3. Power analysis for meta-analysis. The power was calculated as 0.9963 based on the anticipated effect size of SMD = 0.8, the 10 identified studies,

average of 29 participants per group and high heterogeneity between studies.

https://doi.org/10.1371/journal.pone.0216337.g003

Table 3. Predefined clinical subgroup analysis with pain scores during positioning comparing femoral nerve block with intravenous analgesic.

Category Subgroups No. of studies No. of patients SMD (95% CI) p value Group

heterogeneity

Subgroup

difference

I2 p value I2 p value

Outcome: pain scores during positioning

Study design RCT 8 424 -1.15 (-1.74, -0.57) <0.05 86 <0.0001 0 0.65

Observational study 2 160 -1.73 (-4.19,0.73) 0.17 97 <0.0001

Country India 5 352 -1.41 (-2.25, -0.57) <0.05 92 <0.0001 0 0.65

Not India 5 232 -1.13 (-2.02.-0.24) <0.05 89 <0.0001

Fracture type Isolated Femoral neck Fracture 2 44 -1.70 (-3.41,0.02) 0.05 80 < 0.05 0 0.58

Femur fracture 8 584 -1.19 (-1.82, -0.56) <0.05 91 <0.0001

ASA classification I-II 6 428 -1.79 (-2.86, -0.73) <0.05 96 <0.0001 0 0.93

I-III 4 156 -1.74 (-2.74, -1.00) <0.05 29 0.24

Local anesthetic Lidocaine 7 400 -1.15 (-1.69, -0.61) <0.05 83 <0.0001 0 0.48

Ropivacaine 1 60 -1.65 (-2.24, -1.05) <0.05 NA NA

Bupivacaine 2 124 -1.46 (-4.45,1.55) 0.34 98 <0.0001

SA position Sitting 6 288 -1.75 (-2.42, -1.07) <0.05 81 <0.0001 83.2 0.01
�

Not sitting 4 296 -0.61 (-1.23,0.01) 0.06 85 <0.0001

Time from intervention to SA 5 min 5 292 -1.03 (-1.64, -0.42) <0.05 81 0.0003 88.8 < 0.05
�

15 mins 4 232 -1.08 (-2.05, -0.10) <0.05 91 <0.0001

30 min 1 60 -3.01 (-3.76, -2.26) <0.05 NA NA

ASA, American Society of Anesthesiologists; CI, confidence interval; RCT, randomized control trial; SA, spinal anesthesia; SMD, standardized mean difference;

�, statistically significant.

https://doi.org/10.1371/journal.pone.0216337.t003
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scores were increased by 0.005 for every milligram increase in the total equivalent amount as

lidocaine (p< 0.05) (Fig 5).

We performed a sensitivity analysis to assess the robustness of our findings based on RCTs

that were excluded because of high or unclear risk in each domain of the risk of bias, RCTs

that were excluded because of unclear information about the time from trauma to surgery

(days) or body weight, RCTs that were excluded because of no use of a stimulator, and RCTs

that were excluded because of no use of ultrasound guidance. These factors did not influence

our findings (Table 6). We used the mean difference to cross-validate the outcome measure.

Fig 4. Forest plot for comparisons of pain scores during positioning before spinal anesthesia (within 30 min) subgroup by time from intervention to spinal

anesthesia.

https://doi.org/10.1371/journal.pone.0216337.g004

Table 4. Univariate meta-regression predicting estimates of pain scores during positioning between femoral nerve block and intravenous analgesic.

Covariate No. of study Univariate analysis

Coefficients (95% CI) p-value Adjusted R2

Gender (% of male) 9 -0.018 (-0.048–0.011) 0.23 0.06

Age (years) 9 0.030 (-0.017–0.076) 0.21 0

Equivalent amount in lidocaine 9 0.059 (-0.122–0.239) 0.52 0

Equivalent concentration in lidocaine 9 0.002 (-0.005–0.010) 0.58 0

CI, confidence interval.

https://doi.org/10.1371/journal.pone.0216337.t004
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Fig 5. Meta-regression for standardized mean difference (SMD) of pain scores during positioning for spinal

anesthesia between femoral nerve block and intravenous analgesics. A. The SMD is proportional to the age of the

patient. B. The SMD is proportional to the total equivalent amount as lidocaine, i.e., FNB using a low total equivalent

amount as lidocaine or use in younger patients was associated with more analgesic effect than IVA after adjusting for

gender.

https://doi.org/10.1371/journal.pone.0216337.g005
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This result also indicated that our findings were robust. The funnel plots that showed no asym-

metry, which indicates no evidence of a small study effect (Fig 6, Egger’s test: not significant).

Table 6. Sensitivity analyses: The effect of potential biases on primary outcomes.

Potential bias or limitations excluded No of studies No of patients SMD (95% CI) I2 (%) P value MD (95% CI) I2 (%) p value

Overall 10 584 -1.27 (-1.84, -0.70) 89 <0.0001 -1.79 (-2.62, -0.96) 94 < 0.0001

RCT qualitya

RCT overall 8 424 -1.15 (-1.74, -0.57) 86 0.0001 -1.70 (-2.38, -1.01) 83 < 0.0001

Randomization 7 404 -1.01 (-1.60, -0.42) 87 0.0008 -1.52 (-2.22, -0.81 82 < 0.0001

Allocation and concealment 5 272 -0.98 (-1.24, -0.72) 88 <0.00001 -1.52 (-1.83, -1.21) 87 < 0.0001

Blinding of outcome assessor 2 84 -1.22 (-3.87,1.43) 93 0.37 -1.44 (-4.44,1.63) 92 0.36

Other bias 5 292 -1.20 (-1.99, -0.40) 89 0.003 -1.92 (-2.54, -1.30) 62 < 0.0001

Participantsb

Time from trauma to surgery (days) 3 168 -1.40 (-2.98,0.17) 94 0.08 -1.76 (-3.04, -0.47) 84 < 0.01

Weight(kg) 4 216 -1.05 (-2.01, -0.08) 90 0.03 -1.54 (-2.61, -0.48) 80 < 0.01

Method

FNB with stimulatorc 9 500 -1.20 (-1.81, -0.59) 89 0.0001 -1.75 (-2.71, -0.81) 94 < 0.0001

FNB by landmarkd 9 544 -1.33 (-1.96, -0.70) 90 < 0.001 -1.94 (-2.87.-1.01) 94 < 0.0001

a, excluded high or unclear risk;

b, excluded with unclear information for time from trauma to surgery (days), body weight (kg),

c, excluded with no use of stimulator;

d, excluded use of ultrasound guidance;

CI, confidence interval; SMD, standardized mean difference; MD, mean difference

https://doi.org/10.1371/journal.pone.0216337.t006

Fig 6. Funnel plots for the comparisons of FNB with IVA on pain scores during positioning. Standardized mean difference against

standard error for 10 simulated studies of varying sample size where there is no publication bias.

https://doi.org/10.1371/journal.pone.0216337.g006
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Secondary outcomes. Compared to IVA, patients who received FNB had a significantly

shorter time for SA (Fig 7, eight studies [10–12, 14–17, 19], 500 patients; pooled SMD: -1.39;

95% CI: -2.08 to -2.71, p<0.05; I2 = 91%). Heterogeneity was high, which resulted from the

type of local anesthetic (Singh 2016 [17] (ropivacaine); Iamaroon 2010 [11] (bupivacaine); and

others [10, 12, 14–16, 19] (lidocaine)). Anesthesiologists were more satisfied with FNB than

IVA (Fig 8, five studies [10, 12, 14, 16, 17], 264 patients; pooled SMD: 0.91; 95% CI: 0.60 to

1.21, p< 0.05; I2 = 26%). Participants preferred FNB for analgesia (Fig 9, five studies [10, 12,

15, 16, 19], 336 patients; pooled OR: 6.24; 95% CI: 2.78 to 14.03, p< 0.05; I2 = 0%). Patients

who used FNB also had lower additional analgesic requirements than patients who used IVA,

but the effect was small and not statistically significant (Fig 10, two studies [11, 15] 136

patients; pooled SMD: -0.10; 95% CI: -0.54 to 0.34, p = 0.62; I2 = 41%).

Safety outcomes

Compared to IVA, FNB using lidocaine had a slightly higher mean MAP by 3.11 mmHg (S1

Fig, four studies [12, 14, 15, 19], 272 patients; pooled MD: 3.11; 95% CI: 0.18 to 6.05, p< 0.05;

I2 = 61%). Pakhare et al. [13] used bupivacaine for FNB and reported a lower mean MAP by

4.30 mmHg (n = 60, 95% CI: -6.16 to -2.44, p<0.05). No significant difference in mean heart

rate was detected between FNB using lidocaine and IVA (S2 Fig, four studies [12, 14, 15, 19],

272 patients; pooled MD: 0.99 beats/min; 95% CI: -1.31 to 3.11, p = 0.99; I2 = 0%). Pakhare

et al. [13] used bupivacaine for FNB and reported a lower mean heart by 11.61 beats/min

(n = 60, 95% CI: -14.49 to -8.77, p< 0.05). Three studies [12, 14, 15] reported that FNB using

Fig 7. Forest plot of time for spinal anesthesia (min). FNB, femoral nerve block; IVA, intravenous analgesic.

https://doi.org/10.1371/journal.pone.0216337.g007
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lidocaine and IVA provided adequate mean SpO2 values (> 94%), as shown in S3 Fig. The

safety outcome of interest for FNB using ropivacaine was lacking.

Discussion

The main findings of the present meta-analysis were that 10 studies [10–19] comprising 584

participants showed that FNB was superior to IVA. FNB resulted in significantly lower pain

scores during positioning within 30 min before SA. Eight studies [10–12, 14–17, 19] (500 par-

ticipants) showed that FNB also reduced the time to perform SA compared to IVA. This find-

ing means that FNB provided more effective analgesia, which improved patient positioning.

Anesthesiologists and participants preferred FNB for analgesia. Different local anesthetics

used for FNB differentially impacted hemodynamic parameters, but the effect was small.

Regarding pain scores during positioning, a previous meta-analysis performed by Guay

et al. [9] reported that peripheral nerve block reduced pain on movement within 30 min. But,

the heterogeneity in this study was high, and the effect was associated with the total equivalent

concentration as lidocaine. This result was limited by the including of patients from various

clinical situations with different types of nerve block. Our meta-analysis focused on position-

ing patients with a femur fracture for a spinal block in the operative setting. We found that the

result of the analgesic effect was consistent with Guay et al. [9]. However, an association

between the analgesic effect and total equivalent concentration as lidocaine was not observed

in the univariate or multivariate regression model in our study. Our study found that the anal-

gesic effect was associated with age, the total equivalent amount as lidocaine or both, after

adjusting for gender. The reasons for the discrepancy with the previous study are that these

Fig 8. Forest plot of anesthesiologist’s satisfaction with the quality of spinal anesthesia. FNB, femoral nerve block; IVA, intravenous analgesic.

https://doi.org/10.1371/journal.pone.0216337.g008

Fig 9. Forest plot of participant acceptance. FNB, femoral nerve block; IVA, intravenous analgesic.

https://doi.org/10.1371/journal.pone.0216337.g009
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studies included patients from different clinical entities, inadequate analgesia of IVA second-

ary by dose differences and variation of IVA, the time to evaluated the pain scores, the use of

different volumes of local anesthetics and different baseline characteristics. We found that

FNB achieved a larger than median analgesic effect that was associated with the use of a total

equivalent amount of lidocaine of< 300 mg and patients aged< 63 years (Fig 5). However,

this finding should be interpreted with caution because these analyses investigated differences

between studies. Whether the application of FNB using a low amount of lidocaine or in

patients younger than 63 years produces larger than median analgesic effects is not known.

Further well-designed studies are warranted to establish a causal relation.

Another strength of our meta-analysis is that we performed a sensitivity analysis to better

recognize the sources of heterogeneity among the included studies. The results indicated that

our findings were robust based on RCTs that were excluded because of high or unclear risk in

each domain of risk of bias, RCTs that were excluded because of unclear information about

the time from trauma to surgery or body weight, and RCTs that were excluded that did not use

a stimulator to assist FNB or use ultrasound to guide FNB. Forouzan et al. [29] also reported

that ultrasonography- and nerve stimulator-guided FNB exhibited the same success rates and

block durations. As to participant factors, only a few studies [10, 11, 16] clearly reported the

time from trauma to surgery and body weight. Therefore, we suggest that further studies con-

sider these factors, which may differentially influence the primary outcome.

SA may be performed in a lateral decubitus or sitting position. The decision of which posi-

tion to use to perform SA is an individual choice that exhibits no obviously clear or consistent

regional or even institutional associations. For the impact of positioning patients for SA, a

meta-analysis by Zorrilla-Vaca et al. [30] indicated that the lateral decubitus position was asso-

ciated with a reduction of 39% relative risk on the incidence of post-dural puncture headaches

compared to the sitting position. The results of our meta-analysis showed that FNB produced

a greater pain score reduction than IVA in the sitting and non-sitting positions, but the effect

size was larger in the sitting position group. This difference means that most patients experi-

enced less pain using FNB for patients with femur fractures in the sitting position to approach

SA. One explanation is that patients who change from a supine position to sitting may need to

flex the hip joint or put traction on the femur fracture, which may elicit more pain than

patients changing from a supine position to a non-sitting position, such as with the lateral

decubitus position [15, 31].

Concern about the use of nerve blocks to aid positioning may delay operating lists. and the

analgesic effect of lidocaine is felt within 5 min, but 20–30 min are required for bupivacaine to

exert its effect [32]. Our study found that lidocaine, bupivacaine, and ropivacaine all had larger

analgesic effects than IVA. Six [10, 12, 14–16, 19] of the included studies using lidocaine

showed homogeneous results in reduced times for SA. Peripheral nerve block may be adminis-

tered before surgery in the anesthesia induction room with adequate equipment [33]. As

Fig 10. Forest plot of additional analgesic requirements. FNB, femoral nerve block; IVA, intravenous analgesic; CI, confidence interval.

https://doi.org/10.1371/journal.pone.0216337.g010
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mentioned above, we suggest that FNB using lidocaine in the anesthesia induction room may

balance this concern.

SA was a preferred and commonly used method for femur fracture surgery. Use of SA was

associated with a 25%– 29% reduction in major pulmonary complications and death [5] due to

the avoidance of intubation and mechanical ventilation, decreased blood loss, and improved

postoperative analgesia [6]. Opioids are commonly used and offer good analgesia in femur

fracture patients. However, opioids are notorious for adverse effects, including nausea, vomit-

ing, and respiratory depression [8]. Opioids may also induce delirium in these patients [34,

35]. Diminishing opioid consumption and unnecessary complications are crucial [36]. Our

meta-analysis showed that patients using FNB had lower additional postoperative analgesic

requirements than patients using IVA, but this effect was small and not statistically significant.

This finding was related to only two studies [11, 15] that reported this outcome and included

relatively small sample sizes. Guay et al. [9] included seven studies and 285 participants and

reported that peripheral nerve block, administered as a single shot or continuous block,

resulted in less postoperative opioid requirements compared to no nerve block. Diakomi et al.

[37] compared FINB to IVA to facilitate positioning for femur fracture patients under spinal

block. Their study results also showed that FINB had lower opioid requirements than IVA.

Another meta-analysis by Wang et al. [38] included four studies and showed that FNB and

FINB resulted in similar opioid requirements until 48 h postoperatively in patients undergoing

total knee and hip arthroplasties. Taken together, we suggest the need for more studies to elu-

cidate the impact of FNB on postoperative opioid requirements.

Study limitations

Our meta-analysis has some limitations. Because the inclusion of observational studies could

bias estimates of the true intervention effect, we performed subgroup analyses and found that

the analgesic effect was not significantly different between RCTs and observational studies.

Given that pediatric patients were not involved in the identified trials, generalization to that

group should be done with great caution. Our meta-analysis was based on ten recently pub-

lished studies [10–19]. But the sample sizes were relatively small, and these studies were pri-

marily performed in a single center in developing countries. We had insufficient power to

demonstrate the effect on additional analgesic requirement. Functional outcomes were not

analyzed because of insufficient data. The follow-up periods were too short to analyze long-

term complications.

Conclusion

FNB is an effective strategy that provides significantly better analgesia to facilitate the position-

ing of femur fracture patients for a spinal block, particularly patients who receive SA in the sit-

ting position. In this meta-analysis, the analgesic effect was associated with the amount of local

anesthetics and patient age. FNB also required less time for SA, had lower postoperative opioid

requirements, had higher anesthesiologist satisfaction and patient acceptance, and produced

no major hemodynamic instabilities.
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