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Abstract 

Background The optimal anesthesia technique for older patients undergoing hip fracture surgery remains contro‑
versial. We performed a systematic review and meta‑analysis of updated randomized controlled trials (RCTs) to assess 
whether regional anesthesia was superior to general anesthesia in hip fracture surgery.

Methods We searched PubMed, EMBASE, Web of Science, and the Cochrane Central Register of Controlled Trials from 
January 2000 until April 2022. RCTs directly comparing regional and general anesthesia in hip fracture surgery were 
included in the analysis. The incidence of delirium and mortality were the primary outcomes and other perioperative 
outcomes including complications were secondary outcomes.

Results Thirteen studies involving 3736 patients were included in this study. There was no significant difference in 
the incidence of delirium (odds ratio [OR] 1.09; 95% confidence interval [CI] 0.86, 1.37) and mortality (OR 1.08; 95% 
CI 0.71, 1.64) between the two groups. Patients receiving regional anesthesia in hip fracture surgery were associated 
with a reduction in operative time (weighted mean difference [WMD]: − 4.74; 95% CI − 8.85, − 0.63), intraoperative 
blood loss (WMD: − 0.25; 95% CI − 0.37, − 0.12), postoperative pain score (WMD: − 1.77; 95% CI − 2.79, − 0.74), length 
of stay (WMD: − 0.10; 95% CI − 0.18, − 0.02), and risk of acute kidney injury (AKI) (OR 0.56; 95% CI 0.36, 0.87). No signifi‑
cant difference was observed in the other perioperative outcomes.

Conclusions For older patients undergoing hip fracture surgery, RA did not significantly reduce the incidence of 
postoperative delirium and mortality compared to GA. Due to the limitations of this study, the evidence on delirium 
and mortality was still inconclusive and further high‑quality studies are needed.
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Introduction
It has been estimated that 1.6 million people worldwide 
sustained a hip fracture in 2000 [1]. The incidence of hip 
fracture may decline or plateau in some regions; how-
ever, with a rapidly aging global population, the number 
of patients with hip fractures will increase [2–5]. The 
number is expected to reach 4.5 million worldwide in 
2050 and the cost for a hospital stay will be a significant 
burden on society [6–8]. Almost all hip fracture patients 
are offered surgical treatment to restore their functional 
status which requires anesthesia [9]. Regional neuraxial 
block and general anesthesia (GA) are the most com-
mon anesthetic techniques that are applied for hip frac-
ture surgery; however, no consensus has been reached 
on whether regional or general anesthesia is the optimal 
technique.

GA has been reported to have a higher risk of post-
operative delirium [10], and mortality [11], as well as 
a longer perioperative length of stay (LOS) [12], and a 
lower risk of some postoperative complications [13] than 
regional anesthesia (RA) based on previous observational 
studies. In recent years, a meta-analysis of randomized 
controlled trials (RCTs) indicated that there was a signifi-
cant difference in blood loss between GA and RA and no 
difference in the incidence of delirium, or 30-day mortal-
ity [14]. However, this meta-analysis included small RCTs 
and compared limited outcomes. The quality of the evi-
dence was rated as low by using the Grading of Recom-
mendations, Assessment, Development, and Evaluations 
(GRADE) system, which indicates that the results may be 
changed by performing further high-quality RCTs. The 
effect of anesthetic techniques that are applied for hip 
fracture surgery on the incidence of postoperative delir-
ium and mortality is still controversial. Recently, several 
well-designed RCTs with larger sample sizes comparing 
the effects of RA with GA for older patients undergoing 
hip fracture surgery have been published [15–17]. There-
fore, we aimed to conduct a systematic review and meta-
analysis of RCTs to explore whether RA was inferior to 
GA for patients with hip fracture surgery.

Methods
Protocol and registration
The study protocol has not been previously published. 
This systematic review and meta-analysis was conducted 
according to the principles of the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA) statement [18]. Our study has been registered 
in PROSPERO (CRD42022315800). In our study, RA 
included spinal anesthesia (SA), epidural anesthesia, or 
combined spinal epidural techniques and the use of seda-
tion was noted.

Search strategy
We searched PubMed, EMBASE, Web of Science, and 
the Cochrane Central Register of Controlled Trials in 
the Cochrane Library and limited the search date from 
January 2000 until April 2022 to focus on modern anes-
thetic techniques in recent studies. The following search 
terms were used as subject headings and key words: “Hip 
fracture,” “General anesthesia,” “Regional anesthesia” OR 
“spinal anesthesia” OR “epidural anesthesia.” The search 
was restricted to human studies in the English language. 
Additional studies were retrieved by screening the refer-
ences of all of the eligible studies and review articles.

Inclusion and exclusion criteria
S-LZ and S-YZ screened the titles and abstracts of the 
search findings and full texts were reviewed for all eligi-
ble studies according to predefined study selection cri-
teria. Studies were included if they clearly documented 
the comparison between GA and RA for older patients 
undergoing hip fracture surgery and reported on one 
of the outcomes described as follows. Only RCTs were 
included and observational studies, abstracts, reviews, 
and case reports were excluded. Disagreements about 
the eligibility of the studies were resolved by the third 
investigator.

Outcomes and definitions
The primary outcomes were the incidence of postop-
erative delirium (any criteria as defined by the study 
authors) and postoperative mortality. Secondary out-
comes included intraoperative outcomes and postop-
erative outcomes. The intraoperative outcomes were 
operative time, intraoperative hypotension, duration 
of anesthesia, blood loss, and blood transfusion. Post-
operative outcomes included postoperative pain score, 
LOS, and postoperative adverse events. Postoperative 
adverse events included postoperative nausea and vom-
iting (PONV), deep vein thrombosis (DVT), pneumonia, 
acute myocardial infarction, heart failure, stroke, acute 
kidney injury (AKI), and surgical-site infection.

Data extraction and quality assessment
S-LZ and S-YZ extracted data from the eligible studies 
and these data included study design, patient characteris-
tics, American Society of Anesthesiologists (ASA) physi-
cal status I–IV (I [healthy], II [mild systemic disease], III 
[severe systemic disease], and IV [severe systemic disease 
that is a constant threat to life]), type of fracture, anesthe-
sia type, and predefined outcomes.

The same two investigators assessed the methodologi-
cal quality of the RCTs by using the Cochrane Collabo-
ration risk of bias tool [19]. “A total of seven domains 
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(random sequence generation, allocation concealment, 
blinding of participants and personnel, blinding of out-
come assessment, incomplete outcome data, selective 
reporting, and other bias) were classified as demonstrat-
ing high, unclear, or low risk.” Any disagreement about 
data extraction and quality assessment was resolved via 
discussion with the third investigator.

Statistical analysis
Review Manager software, version 5.4.1 (The Cochrane 
Collaboration, Oxford, UK) and STATA/MP, version 17.0 
were used to perform this meta-analysis. Continuous 
variables were calculated with weighted mean differences 
(WMDs) of the mean values and standard deviations 
(SDs); in addition, odds ratios (ORs) with corresponding 
95% confidence intervals (CIs) were calculated for dichot-
omous outcomes. The results reported with medians and 
interquartile ranges (IQRs) were converted to mean and 
SD by using the previously described method [20]. For 
continuous outcomes with a skewed nature, the means 
and SDs were transformed to the log scale according to 
the well-established equations [21]. The results of the 
studies were pooled only if at least two studies reported 
on the same outcome. Heterogeneity was assessed by 
using the Chi-square test, with a P value of < 0.1 indicat-
ing statistical significance; moreover, the I2 statistic was 
estimated for the extent of heterogeneity. A fixed effects 

model was used when there was no statistical heteroge-
neity among the studies (P > 0.1, I2 < 50%), and a random 
effects model was used when statistical heterogeneity 
existed (P < 0.1, I2 > 50%). Sensitivity analyses were con-
ducted by using the leave-one-out method. Studies com-
paring SA as the only anesthetic technique with GA were 
included in the subgroup analyses. The GRADE system 
was used to assess the overall quality of the evidence for 
each outcome. Publication bias was assessed via the fun-
nel plots and by using the Egger test [22].

Results
Study selection
We identified 441 articles of which 62 full-text studies 
were assessed for eligibility, and a total of 13 studies were 
identified for this meta-analysis according to the inclu-
sion criteria (Fig. 1).

Study characteristics
These studies involved a total of 3736 patients: 1885 
individuals in the GA group and 1851 patients in the RA 
group. Eleven of thirteen studies [16, 17, 23–31] applied 
SA as the sole anesthesia type of RA, two [17, 26] of 
which provided SA with sedation. Another two studies 
[15, 32] used SA, epidural anesthesia, or combined spinal 
epidural techniques as RA. Six studies [15, 17, 26, 27, 30, 
32] clearly reported the types of hip fractures, including 

Fig. 1 Flow diagram of the literature search and selection process
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femoral neck, femoral head, intertrochanteric, and sub-
trochanteric fractures. The types of surgery included 
fixation, total hip arthroplasty, and hemiarthroplasty. The 
general characteristics of these studies are summarized in 
Table 1.

Risk of bias
In terms of selection bias, only one study was at high 
risk because of randomization with sequential numbers, 
and three studies were at unclear risk without reporting 
information about randomization. For allocation con-
cealment, half of the included studies did not report on 
the method that they used. Additionally, more than half 
of the studies were assessed to have a high risk of perfor-
mance and detection bias because they were open-label 
studies or did not provide related information. The risk 
of attrition bias was determined to be moderate, and the 
risk of reporting bias was low. A summary of the risk of 
bias and explanation are presented in Additional file 1.

Primary outcomes
Seven studies reported on the incidence of delirium 
and the meta-analysis showed that there was no signifi-
cant difference in this outcome (OR 1.09; 95% CI 0.86, 
1.37, P = 0.46, n = 2747) (Fig. 2). Five studies [15–17, 23, 
26] diagnosed delirium by using the Confusion Assess-
ment Method (CAM); in addition, one study [31] diag-
nosed delirium with the Mini Mental State Examination 
(MMSE) test, and one study [27] did not provide infor-
mation on how to define delirium. The meta-analysis of 
studies with the CAM method did not change the con-
clusion (OR 1.08; 95% CI 0.86, 1.37, P = 0.50, n = 2395) 
(Fig. 2). The GRADE evaluation demonstrated low- and 
high-quality evidence for the incidence of postopera-
tive delirium and the CAM group, respectively, which is 
shown in Additional file 2.

There was no significant difference in postoperative 
mortality between the RA group and GA group in the 
meta-analysis of six studies [15, 17, 26, 27, 29, 32] (OR 
1.08; 95% CI 0.71, 1.64, P = 0.71, n = 3249) (Fig. 2). Three 
studies [15, 27, 29] explicitly reported on 30-day mortal-
ity, and the meta-analysis did not show a significant dif-
ference between patients receiving RA and GA (OR 1.15; 
95% CI 0.53, 2.47, P = 0.73, n = 1289) (Fig. 2). The quality 
of evidence for postoperative mortality was low and was 
moderate for 30-day mortality according to the GRADE 
system (Additional file 2).

Intraoperative outcomes
The meta-analysis of 9 studies showed that the operative 
time of the GA group was significantly longer than that 
of the RA group (WMD: − 4.74; 95% CI − 8.85, − 0.63, 
P = 0.02, n = 2391) (Fig.  3). GRADE evidence for the 

operative time was very low (downgraded for inconsist-
ency and imprecision) (Additional file 2).

The pooled data of six studies involving 1,048 patients 
in the RA group and 1059 patients in the GA group 
demonstrated more intraoperative blood loss in the GA 
group (WMD: − 0.25; 95% CI − 0.37, − 0.12, P = 0.0001, 
n = 2107) (Fig.  4). The quality of evidence for this 
outcome was low according to the GRADE system 
(downgraded for high risks of bias and inconsistency) 
(Additional file 2).

No significant difference was observed in the incidence 
of intraoperative hypotension (OR 0.36; 95% CI 0.11, 
1.24, P = 0.11, n = 1444) (Fig.  5), duration of anesthesia 
(WMD: − 0.01; 95% CI − 0.04, 0.01, P = 0.22, n = 2107) 
(Fig.  6), or intraoperative blood transfusion (OR 0.97; 
95% CI 0.73, 1.28, P = 0.81, n = 1484) (Fig.  7). GRADE 
evidence for intraoperative hypotension and duration 
of anesthesia was low and moderate for intraoperative 
blood transfusion, respectively (Additional file 2).

Postoperative outcomes
Four studies reported on the postoperative pain score of 
patients which was evaluated with a visual analog scale 
(VAS). Three studies used VAS ranging from 0 (no pain) 
to 10 (worst pain) and one study ranged from 0 (no 
pain) to 100(worst pain). In the meta-analysis of three 
studies with the same range, patients receiving GA had 
higher postoperative pain scores than those receiving RA 
(WMD: − 1.77; 95% CI − 2.79, − 0.74, P = 0.0007, n = 597) 
(Fig.  8). GRADE evidence was graded as moderate for 
postoperative pain score (Additional file 2).

We included four studies in the meta-analysis of LOS 
and observed no significant difference between the two 
groups (WMD: − 0.10; 95% CI − 0.18, − 0.02, P = 0.02, 
n = 1364) (Fig.  9). Another two studies also reported 
the LOS; however, we excluded these studies from the 
meta-analysis. One study [17] reported on hospital stay 
according to country, and the other study [32] reported 
on hospital stay before operation and hospital stay after 
operation. The quality of evidence for LOS was very low 
according to the GRADE system (Additional file 2).

For postoperative complications, a meta-analysis of 
two studies showed that there was a significant increase 
in the incidence of AKI in patients receiving GA (OR 
0.56; 95% CI 0.36, 0.87, P = 0.01, n = 1757) (Fig.  10). 
There was no significant difference between the two 
groups in the incidence of DVT (OR 0.52; 95% CI 0.09, 
2.91, P = 0.46, n = 362) (Fig.  11), pneumonia (OR 0.58; 
95% CI 0.28, 1.18, P = 0.13, n = 3,227) (Fig.  12), acute 
myocardial infarction (OR 0.76; 95% CI 0.34, 1.71, 
P = 0.51, n = 3312) (Fig.  13), PONV (OR 0.75; 95% CI 
0.25, 2.28, P = 0.62, n = 1192) (Fig. 14), heart failure (OR 
0.68; 95% CI 0.16, 2.91, P = 0.61, n = 1483) (Fig.  15), 
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stroke (OR 0.65; 95% CI 0.22, 1.91, P = 0.44, n = 2671) 
(Fig.  16), and surgical-site infection (OR 2.29; 95% CI 
0.51, 10.29, P = 0.28, n = 1898) (Fig.  17). The quality of 
evidence was graded as moderate for acute myocardial 
infarction and stroke, and low for PONV, DVT, heart 
failure, pneumonia, surgical-site infection, and AKI 
(Additional file 2).

Sensitivity analysis and subgroup analysis
Sensitivity analyses were conducted via leave-one-out 
analysis in terms of operative time and intraoperative 
blood loss. The conclusion was observed to change 
and the  I2 was reduced from 71 to 39% after excluding 
the study of Haghighi and colleagues [25] in operative 
time (WMD: − 3.49; 95% CI − 7.60, − 0.63, P = 0.10, 
n = 2291). After excluding the other three studies, 

Fig. 2 Forest plots displaying pooled effect estimates for primary outcomes. RA Regional anesthesia, GA General anesthesia
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Fig. 3 Forest plots displaying pooled effect estimates for operative time. RA Regional anesthesia, GA General anesthesia

Fig. 4 Forest plots displaying pooled effect estimates for intraoperative blood loss. RA Regional anesthesia, GA General anesthesia

Fig. 5 Forest plots displaying pooled effect estimates for incidence of intraoperative hypotension. RA Regional anesthesia, GA General anesthesia

Fig. 6 Forest plots displaying pooled effect estimates for duration of anesthesia. RA Regional anesthesia, GA General anesthesia
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Fig. 7 Forest plots displaying pooled effect estimates for intraoperative blood transfusion. RA Regional anesthesia, GA General anesthesia

Fig. 8 Forest plots displaying pooled effect estimates for postoperative pain score. RA Regional anesthesia, GA General anesthesia

Fig. 9 Forest plots displaying pooled effect estimates for length of stay. RA Regional anesthesia, GA General anesthesia

Fig. 10 Forest plots displaying pooled effect estimates for acute myocardial infarction. RA Regional anesthesia, GA General anesthesia

Fig. 11 Forest plots displaying pooled effect estimates for pneumonia. RA Regional anesthesia, GA General anesthesia
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Fig. 12 Forest plots displaying pooled effect estimates for deep vein thrombosis. RA Regional anesthesia, GA General anesthesia

Fig. 13 Forest plots displaying pooled effect estimates for acute kidney injury. RA Regional anesthesia, GA General anesthesia

Fig. 14 Forest plots displaying pooled effect estimates for postoperative nausea and vomiting. RA Regional anesthesia, GA General anesthesia

Fig. 15 Forest plots displaying pooled effect estimates for heart failure. RA Regional anesthesia, GA General anesthesia
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respectively [24, 28, 32], the conclusion changed, but 
the I2 was not less than 50%. Sensitivity analyses of 
blood loss did not change the overall results of the 
pooled analysis.

Nine studies [16, 23–25, 27–31] used SA as the sole 
regional anesthetic technique without sedation and 
were included in the subgroup analysis. The conclusion 
changed in LOS in the meta-analysis of two studies and 
demonstrated no significant difference between the two 
groups (WMD: − 0.10; 95% CI − 0.29, 0.08, P = 0.28, 
n = 422). No significant difference was found in postoper-
ative pain scores in the subgroup analysis of the two stud-
ies (WMD: − 1.59; 95% CI − 3.38, 0.21, P = 0.08, n = 210). 
The other pooled results were consistent with previous 
outcomes when all of the studies were considered.

Publication bias
The funnel plot and the Egger test for the incidence 
of delirium (Fig.  18, P = 0.91) and mortality (Fig.  19, 
P = 0.19) did not show any significant publication bias.

Discussion
This study included a total of thirteen RCTs with 3736 
patients comparing the difference between RA and GA 
in hip fracture surgery. Compared to other previous stud-
ies [14, 33], our study included the latest RCTs [15–17], 
which had a larger sample size and focused on more 
comparable outcomes to thoroughly evaluate the effects 
of RA and GA in hip fracture surgery. For primary out-
comes, our study did not observe a significant difference 

in the postoperative incidence of delirium or postopera-
tive mortality. However, our meta-analysis statistically 
demonstrated that patients receiving GA in hip frac-
ture surgery had a longer operative time, larger amount 
of intraoperative blood loss, higher postoperative pain 
scores, longer LOS, and higher incidence of acute kid-
ney injury than those receiving RA. No significant dif-
ference was found in other perioperative outcomes and 
complications.

Postoperative delirium is a common complication 
associated with hip fracture repair that may significantly 
increase mortality, morbidity, functional and cognitive 
decline, and healthcare costs [34–36]. In our study, a 
meta-analysis of seven RCTs demonstrated no significant 
difference in postoperative delirium for older patients 
undergoing hip fracture surgery, and the conclusion did 
not change in the pooled results of the CAM group. This 
result was consistent with previous RCTs [15–17] and 
meta-analyses [14, 33]. As sedation affected the incidence 
of postoperative delirium, we also excluded two studies 
[17, 26] with sedation but did not observe any change in 
the conclusion. The criteria in the DSM-V or the WHO 
ICD-10 classification of diseases were the standard prac-
tice for the diagnosis of delirium; however, it was difficult 
to conduct these classifications in clinical situations [37]. 
CAM and other tools are commonly used in clinical tri-
als to screen for delirium [38]. Postoperative delirium is 
related to many factors, such as age, ASA physical sta-
tus, preexisting diseases, surgery, anesthesia, and other 
risk factors [34, 39]. Moreover, studies that adjusted for 

Fig. 16 Forest plots displaying pooled effect estimates for stroke, RA Regional anesthesia, GA General anesthesia

Fig. 17 Forest plots displaying pooled effect estimates for surgical‑site infection. RA Regional anesthesia, GA General anesthesia
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confounders had difficulty identifying all of the risk fac-
tors. Therefore, the potential benefits of certain types of 
anesthesia for postoperative delirium remain uncertain.

Regarding postoperative mortality, previous studies 
have failed to reach a consensus on the mortality benefit 
of RA and GA in patients undergoing hip fracture surgery. 

Fig. 18 Funnel plot displaying publication bias for incidence of delirium

Fig. 19 Funnel plot displaying publication bias for mortality
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Mcisaac and colleagues indicated that RA increased sur-
vival rates at 30 days in patients undergoing hip fracture 
surgery in hospitals with more than 20–25% RA use [40]. 
An overview of Cochrane systematic reviews showed that 
RA was related to reduced 30-day mortality [41]. How-
ever, there was no significant difference between the two 
groups in two recent meta-analyses [14, 33]. In addition, 
in our study, we did not observe any difference in post-
operative mortality or 30-day mortality. The in-hospital 
mortality was not analyzed due to a lack of comparable 
data. Van and colleagues [42] demonstrated a signifi-
cantly higher incidence of in-hospital mortality but no 
significant difference in 30-day mortality in the GA group 
which indicated that in-hospital mortality may be more 
sensitive to the effect of anesthetic techniques. How-
ever, the conclusion was limited because they included 
one RCT and four observational studies; in addition, one 
study [43] included considerably more patients than oth-
ers which was weighted in the analysis at 53.2%. More 
RCTs comparing the effects of RA with GA on in-hospi-
tal mortality and postoperative mortality are needed to 
verify the conclusion.

In this study, we demonstrated that the RA group was 
associated with less blood loss, which was consistent 
with the results of previous studies [14, 44]. In addition, 
the result seemed to be robust according to the sensitiv-
ity analysis. The reason for this effect may be related to 
hemodynamic changes. RA can lead to a reduction in 
blood pressure and heart rates [32, 45]; in addition, for 
patients with GA, there may be an increase in venous 
blood pressure [46]. The shorter operative time could 
also lead to less blood loss in the RA group. However, the 
operative time results in this study was not robust and 
need to be interpreted with caution. The reduced intra-
operative blood loss may cause a decreased incidence of 
blood transfusion. However, in this study, blood trans-
fusion was not significantly different between the two 
groups. The trigger of blood transfusion is still debated 
[47]. Many studies have not reported blood transfusion 
as an outcome; moreover, in the five studies that reported 
on blood transfusion, only one study reported the trig-
ger of blood transfusion [24]. Therefore, the evidence on 
blood transfusion was inconclusive.

Intraoperative hypotension can cause hypoperfusion 
and organ damage. Several studies have indicated that the 
incidence of intraoperative hypotension in the GA group 
was higher than that in the RA group in hip fracture sur-
gery [24, 48]. The study conducted by Li and colleagues 
had the largest sample size of RCTs reporting on intraop-
erative hypotension to date, in which they found that the 
incidence of intraoperative hypotension was significantly 
higher in the GA group than in the RA group [15]. How-
ever, this result was in contrast with the findings in our 

study. Our findings were graded as low according to the 
GRADE system, and the heterogeneity was high. Moreo-
ver, the definition of intraoperative hypotension varied 
among studies; thus, so it was difficult to conduct a meta-
analysis with high-quality evidence.

It is known that acute postoperative pain following 
orthopedic surgery is more severe in patients receiv-
ing GA than in those receiving RA [49, 50]. Two stud-
ies [25, 32] specifically demonstrated significantly lower 
postoperative pain scores in the RA group for patients 
undergoing hip fracture surgery. In addition, a previous 
systematic review [51] revealed a consistent result. How-
ever, this review was limited to the inclusion of studies 
conducted before 2000 [51]. Li and colleagues assessed 
pain scores with VAS ranging from 0 to 100 and did not 
observe a significant difference between the two groups 
[15]. Postoperative pain scores assessed with VAS rang-
ing from 0 to 10 were included in the meta-analysis and 
demonstrated significantly lower pain scores in patients 
receiving RA than in those receiving GA. However, due 
to the small sample size and high heterogeneity in our 
analysis, the conclusion should be interpreted with 
caution.

It has been reported that a decrease in postoperative 
pain severity was associated with a shorter LOS [52]. 
LOS is one of the most widely reported outcomes. Sev-
eral observational studies have indicated a shorter LOS 
in patients receiving RA [40, 53, 54]. However, the effect 
of anesthesia techniques on the LOS was observed to be 
controversial in systematic reviews [14, 33, 42, 55]. In our 
analysis of RCTs, we did not detect any significant differ-
ence in the LOS between the two groups. The results of 
a meta-analysis of LOS can be affected by different defi-
nitions and healthcare systems; in addition, the fracture 
type and surgical procedures are also important factors 
[33, 56].

Kim and colleagues found that RA was associated with 
a lower risk of AKI in patients undergoing TKA [57]. 
In our study, for older patients undergoing hip fracture 
surgery, the meta-analysis of two studies showed a sig-
nificantly lower incidence of AKI in the RA group. Due to 
the fact that only two studies were included, as well as the 
fact that the regional versus general anesthesia for pro-
moting independence after hip fracture (REGAIN) study 
conducted by Newman and colleagues was weighted in 
the analysis at 95.5%, the conclusion was limited. A sys-
tematic review demonstrated that the incidence of acute 
myocardial infarction was lower under RA than under 
GA, which was observed in the analysis including obser-
vational studies [42]. However, in our analysis of RCTs 
involving a total of 3312 patients, no significant differ-
ence was found between the two groups, and the quality 
of the evidence was moderate. Haghighi and colleagues 
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demonstrated that PONV was significantly lower in the 
RA group than in the GA group [25]. The reason for 
this result may be related to better postoperative anal-
gesia and the decrease in opioid consumption in the RA 
group [58]. In our study, no difference in PONV for older 
patients undergoing hip fracture surgery was detected. 
However, the heterogeneity was high and PONV was 
graded as low in the GRADE system.

This systematic review and meta-analysis had several 
potential limitations. First, seven of thirteen included 
studies were small studies with a sample size of < 100 
patients. Some results of meta-analyses should be inter-
preted with caution due to the small-study effects [59]. 
Second, almost all of the RCTs were open-label RCTs, 
and the influence on our results cannot be excluded. 
Third, the types and dosages of the utilized anesthet-
ics used varied across the studies, which cannot be con-
trolled for. Fourth, several definitions of outcomes were 
inconsistent, such as intraoperative hypotension and 
LOS, which may be the source of the high heterogeneity. 
In addition, the study only searched studies in the English 
language and may have missed potentially relevant stud-
ies in the non-English literature.

Conclusion
In our study, RA did not significantly reduce the inci-
dence of postoperative delirium or mortality in older 
patients undergoing hip fracture surgery compared to 
GA. Due to the limitations of this study, the evidence 
on delirium and mortality is still inconclusive. Never-
theless, we found that RA could reduce the operative 
time, amount of intraoperative blood loss, postoperative 
pain score, LOS, and risk of AKI. Although the results 
showed statistically significant differences in operative 
time and blood loss, we consider it may not have clinical 
significance.
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