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Abstract: Hip fractures are increasingly common in aging societies and are associated with high mortality rates. Surgery is 
the primary treatment for hip fracture patients, with the most commonly used anesthetic methods being neuraxial anesthesia and 
general anesthesia. Postoperative delirium (POD) is a frequent complication following hip fracture surgery, contributing to 
increased societal burden and patient mortality. Whether different anesthetic methods influence the incidence of POD remains 
unclear. To explore the impact of anesthetic methods on POD, we conducted this meta-analysis. We systematically searched 
PubMed, Embase, and the Cochrane Library for randomized controlled trials (RCTs) comparing neuraxial anesthesia and general 
anesthesia in hip fracture patients, assessing the effects on delirium incidence, mortality, pneumonia, pulmonary embolism, and 
myocardial infarction. Five RCTs involving 3118 participants were included. Our findings indicate no significant differences 
between neuraxial and general anesthesia in terms of POD (RR=1.11, P=0.29), mortality (RR=1.00, P=0.98), pneumonia 
(RR=0.61, P=0.12), pulmonary embolism (RR=0.62, P=0.43), or myocardial infarction (RR=0.76, P=0.53). Both neuraxial and 
general anesthesia are effective options for elderly patients undergoing hip fracture surgery. 

Keywords: Postoperative Delirium; Hip Fractures; Neuraxial Anesthesia; General Anesthesia. 
 

1. Introduction 
With the aging population, hip fractures have become 

increasingly prevalent among the elderly, with a 20% risk of 
recurrent fractures, leading to high rates of disability and 
mortality, and imposing a significant economic burden on 
families and society [1]. Surgical intervention, followed by 
rehabilitation, is the most effective treatment for hip fractures, 
and nearly all hip fracture patients undergo surgery [2]. 
However, elderly patients face high surgical risks, with a one-
year postoperative mortality rate of up to 31% [3]. In addition 
to complications such as pneumonia, myocardial infarction, 
and renal impairment, postoperative delirium is also common, 
occurring in up to 53% of elderly hip fracture patients [4]. 

Delirium is an acute neuropsychiatric syndrome 
characterized by cognitive dysfunction, attention deficits, and 
fluctuating consciousness [5]. It predominantly affects 
patients over 65 years old, significantly increasing hospital 
stays, healthcare costs, and mortality rates [5]. Postoperative 
delirium typically occurs within the first week after surgery, 
most commonly within 24-72 hours. It is often 
underdiagnosed or misdiagnosed, leading to inadequate 
treatment and poor patient outcomes [6, 7]. Reducing the 
incidence of POD remains a key focus for clinicians. 

Hip fracture surgery can be performed under various 
anesthetic methods, with neuraxial anesthesia and general 
anesthesia being the most common [8]. General anesthesia 
ensures the patient is unconscious and pain-free during 
surgery, reducing anxiety and improving comfort [9]. 
Neuraxial anesthesia may offer benefits such as reduced 
intraoperative hypotension but can also cause patient 
discomfort and anxiety [9]. Currently, there is no consensus 
on the optimal anesthetic choice for hip fracture surgery. 

While some large cohort studies suggest that neuraxial 
anesthesia may reduce POD in elderly patients, recent large 
RCTs from China found no significant difference in POD 
incidence between neuraxial and general anesthesia [10]. 
Given the inconsistent findings in previous studies, we 
designed this meta-analysis to explore the impact of regional 
versus general anesthesia on POD in elderly hip fracture 
patients.  

2. Materials and Methods  

2.1. Inclusion and Exclusion Criteria 
2.1.1. Study Type 

Randomized controlled trials (RCTs). 

2.1.2. Participants 
Hip fracture surgery patients; neuraxial or general 

anesthesia; elderly patients aged >60 years; no gender 
restrictions; related to postoperative delirium. 

2.1.3. Interventions 
(1) Neuraxial anesthesia with or without intravenous 

sedation (combined spinal-epidural anesthesia, spinal 
anesthesia, epidural anesthesia); 

(2) General anesthesia with or without nerve block 
(endotracheal intubation, laryngeal mask airway). 

2.1.4. Outcome Measures 
Incidence of delirium, postoperative mortality, pneumonia, 

pulmonary embolism, and myocardial infarction. 

2.1.5. Exclusion Criteria 
(1) Non-RCT studies; 
(2) Non-hip fracture surgery; 
(3) Non-elderly patients; 
(4) Non-neuraxial or general anesthesia; 
(5) No data on postoperative delirium; 
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(6) Case reports; 
(7) Retrospective analyses, case-control studies, cohort 

studies; 
(8) Reviews, systematic reviews, meta-analyses; 
(9) Non-English or Chinese studies; 
(10) Full text unavailable. 

2.2. Search Strategy 
2.2.1. Database Search 

We searched PubMed (Medline), Cochrane Library, and 
Embase using a combination of MeSH terms and free-text 
keywords. The search covered the period from database 
inception to January 2025, with weekly updates until this 
article's publication. The PubMed search strategy is as 
follows: 

#1 "Anesthesia, General"[MeSH Terms] OR "Anesthesias, 
General"[All Fields] OR "General Anesthesia" [All Fields] 
OR "General Anesthesias" [All Fields]. 

#2 "Anesthesia, Spinal"[MeSH Terms] OR "[All Fields] 
OR" [All Fields] OR" [All Fields] OR "[All Fields] OR 
"Anesthesias, Spinal" [All Fields] OR "Spinal Anesthesia" 
[All Fields] OR " Spinal Anesthesias"[All Fields]. 

#3 "Hip Fractures"[MeSH Terms] OR "Fractures, Hip"[All 
Fields] OR "Intertrochanteric Fractures" [All Fields] OR 
"Fractures, Intertrochanteric" [All Fields] OR 
"Subtrochanteric Fractures "[All Fields] OR "Fractures, 
Subtrochanteric" [All Fields] OR " Trochanteric Fractures" 
[All Fields] OR "Fractures, Trochanteric"[All Fields] OR 
"Trochlear Fractures, Femur" [All Fields] OR "Femur 
Trochlear Fracture" [All Fields] OR "Fracture, Femur 
Trochlear" [All Fields] OR "Femoral Trochlear Fractures" 
[All Fields] OR ""[All Fields] OR "Trochlear Fracture, 
Femoral" [All Fields]. 

#4 "Delirium"[MeSH Terms] OR "Delirium of Mixed 
Origin"[All Fields] OR "Mixed Origin Delirium" [All Fields] 
OR "Mixed Origin Deliriums" [All Fields] OR "Subacute 
Delirium"[All Fields] OR "Deliriums, Subacute" [All Fields] 
OR "Delirium, Subacute" [All Fields] OR "Subacute 
Deliriums"[All Fields]. 

#5 #1 AND #2 AND #3 AND #4. 
Similar search strategies were applied to Cochrane Library 

and Embase. 

2.2.2. Manual Search 
We manually searched reference lists of included studies, 

related reviews, systematic reviews, retrospective analyses, 
cohort studies, and case reports to ensure comprehensive 
coverage. We also searched clinical trial registries (Chinese 

Clinical Trial Registry and ClinicalTrials.gov) for relevant 
studies. 

2.3. Study Selection and Data Extraction 
2.3.1. Study Selection 

Two trained reviewers independently screened studies. 
After removing duplicates, studies were initially screened 
based on titles and abstracts. Full texts were reviewed for final 
inclusion. If full texts were unavailable, corresponding 
authors were contacted. Disagreements were resolved 
through discussion or consultation with a senior reviewer. 

2.3.2. Data Extraction 
Data were extracted independently by two reviewers, 

including: 
(1) Baseline characteristics: author, year, sample size, age, 

region, study design; 
(2) Quality assessment: random sequence generation, 

allocation concealment, blinding, outcome data completeness, 
selective reporting, and other biases; 

(3) Outcomes: delirium incidence, mortality, pneumonia, 
pulmonary embolism, myocardial infarction; 

(4) Other data: intervention details, follow-up duration, 
trial registration. 

2.4. Risk of Bias Assessment 
The Cochrane Risk of Bias Tool was used to assess bias in 

included studies, focusing on random sequence generation, 
allocation concealment, blinding, incomplete outcome data, 
selective reporting, and other biases. Risk of bias was 
evaluated using Review Manager 5.3. 

2.5. Statistical Analysis 
Review Manager 5.3 was used for meta-analysis. Mean 

difference (MD) and 95% confidence intervals (CI) were used 
for continuous variables, while risk ratios (RR) and 95% CI 
were used for dichotomous variables. Heterogeneity was 
assessed using the Chi-square test and I² statistic. A P-value 
<0.05 was considered statistically significant. 

3. Results 

3.1. Study Selection 
A total of 1469 studies were identified from PubMed, 

Embase, and Cochrane Library, with an additional 80 studies 
from manual searches. After screening, 5 RCTs involving 
3118 participants were included [10-14]. The study selection 
process is shown in Figure 1. 

 

 
Figure 1. Literature screening process and results. 
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3.2. Characteristics and Risk of Bias of 
Included Studies 

The 5 included studies were published between 2005 and 
2021, with a total of 3118 participants. Studies were 
conducted in the USA, Canada, China, Greece, and Korea. All 
studies compared neuraxial and general anesthesia in elderly 
hip fracture patients. The basic characteristics of the included 
studies are shown in Table 1. Risk of bias assessment is 
summarized in Figures 2 and 3. 

3.3. Meta-Analysis Results 
3.3.1. Postoperative Delirium Incidence 

Five studies involving 2719 participants were included. 
Heterogeneity was low (I²=0%), and a fixed-effects model 
was used. The incidence of POD was slightly lower in the 
general anesthesia group (12.1%) compared to the neuraxial 
anesthesia group (13.6%), but the difference was not 
statistically significant (RR=1.11, 95% CI: 0.92-1.35, P=0.29; 
Figure 4). Funnel plot analysis showed no significant 

publication bias (Figure 5). 
 

Table 1. Basic characteristics of the included studies. 

 
 

 
Figure 2. Risk of bias graph for included studies. 

 

 
Figure 3. Summary of the risk of bias of the included studies. 

 

 
Figure 4. Meta-analysis of the Incidence of postoperative delirium under neuraxial anesthesia as compared with general Anesthesia 

Authors 
years 

Intervention 
Type of 
Patients 

Number Country Design 

Neuman 
2021 

Intravertebral 
anesthesia/General 

anesthesia 

Hip 
fracture 

1600 
United States 
and Canada

RCT 

Li 
2021 

Intravertebral 
anesthesia/General 

anesthesia 

Hip 
fracture 

950 China RCT 

Parker 
2015 

Intravertebral 
anesthesia/General 

anesthesia 

Hip 
fracture 

322 Canada RCT 

Tzimas 
2018 

Intravertebral 
anesthesia/General 

anesthesia

Hip 
fracture 

70 Greece RCT 

Toraman 
2005 

Intravertebral 
anesthesia/General 

anesthesia 

Hip 
fracture 

176 Korea RCT 
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Figure 5. Results of funnel plot analysis of five studies on the incidence of postoperative delirium 

 

3.3.2. Postoperative Mortality 
Four studies involving 2931 participants were included. No 

significant difference in mortality was found between 

neuraxial anesthesia and general anesthesia (RR=1.00, 95% 
CI: 0.66-1.49, P=0.98; Figure 6). Funnel plot analysis showed 
no significant publication bias (Figure 7). 

 

 
Figure 6. Meta-analysis of postoperative mortality under neuraxial anesthesia as compared with general Anesthesia. 

 

 
Figure 7. Results of funnel plot analysis of four studies on postoperative mortality. 

 

3.3.3. Pneumonia Incidence 
 

 
Figure 8. Meta-analysis of pneumonia incidence under neuraxial anesthesia as compared with general Anesthesia. 
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Four studies involving 2964 participants were included. 

The incidence of pneumonia was higher in the general 
anesthesia group (1.9%) compared to the neuraxial anesthesia 
group (0.97%), but the difference was not statistically 

significant (RR=0.61, 95% CI: 0.33-1.14, P=0.12; Figure 8). 
Funnel plot analysis showed no significant publication bias 
(Figure 9). 

 

 
Figure 9. Results of funnel plot analysis of four studies on pneumonia incidence 

 

3.3.4. Pulmonary Embolism Incidence 
Two studies involving 1846 participants were included. No 

significant difference in pulmonary embolism incidence was 
found between the two groups (RR=0.62, 95% CI: 0.19-2.02, 
P=0.43). 

 

 
Figure 10. Meta-analysis of pulmonary embolism incidence under neuraxial anesthesia as compared with general anesthesia. 

 

3.3.5. Myocardial Infarction Incidence 
Four studies involving 2858 participants were included. No 

significant difference in myocardial infarction incidence was 

found between neuraxial anesthesia and general anesthesia 
(RR=0.76, 95% CI: 0.32-1.79, P=0.53; Figure 11). Funnel 
plot analysis showed no significant publication bias (Figure 
12). 

 

 
Figure 11. Meta-analysis of myocardial infarction incidence under neuraxial anesthesia as compared with general anesthesia. 

 

4. Discussion 
This study mainly analyzed the effects of different 

anesthesia methods (neuraxial anesthesia and general 
anesthesia) on postoperative delirium, postoperative mortality, 
pneumonia incidence, pulmonary embolism incidence, and 
myocardial infarction incidence in elderly patients 
undergoing hip fracture surgery. A total of 5 RCT studies were 

included in this study, involving 3,118 subjects. The study 
found that there were no significant differences in the effects 
of neuraxial anesthesia and general anesthesia on 
postoperative delirium, postoperative mortality, pneumonia 
incidence, pulmonary embolism incidence, and myocardial 
infarction incidence. Different anesthesia methods did not 
affect the incidence of these adverse events in patients. 
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Figure 12. Results of funnel plot analysis of four studies on myocardial infarction incidence. 

 
We found that there was no significant difference in the 

incidence of postoperative delirium between patients who 
received neuraxial anesthesia and those who received general 
anesthesia (RR = 1.11, P = 0.29), indicating that different 
anesthesia methods do not affect the incidence of 
postoperative delirium in elderly patients undergoing hip 
surgery. Similar to our study results, Zheng et al. and Fan et 
al. found no significant difference in the incidence of delirium 
between spinal anesthesia (intraspinal or epidural) and 
general anesthesia [15; 16]. Additionally, two recent 
randomized controlled clinical trials also found no significant 
difference in the incidence of postoperative delirium between 
general anesthesia and spinal anesthesia in elderly patients 
with hip fractures [10; 11]. Postoperative delirium, as an acute 
disturbance of consciousness, often occurs within 2-5 days 
after surgery [17]. Multiple factors before, during, and after 
surgery can affect the incidence of delirium, including fasting 
time, perioperative fluid administration, perioperative blood 
pressure management, and the choice of anesthesia method. 
Although previous cohort studies have found that neuraxial 
anesthesia may reduce the incidence of postoperative 
delirium, subsequent large-scale randomized controlled 
clinical trials, multiple meta-analyses, and our study have all 
found that the choice of anesthesia method may not be the 
main factor influencing postoperative delirium [10; 11]. 
Although our study found that the anesthesia method does not 
affect the incidence of postoperative delirium, further analysis 
of the impact of the anesthesia method on the incidence of 
postoperative delirium through larger RCT studies or meta-
analyses is still necessary. 

We found that there was no significant difference in 
postoperative mortality between patients who received 
neuraxial anesthesia and those who received general 
anesthesia (RR = 1.00, P = 0.98), indicating that different 
anesthesia methods do not affect postoperative mortality in 
elderly patients undergoing hip surgery. Diulus et al. found 
that in total hip arthroplasty patients, general anesthesia 
increased the 1-year mortality rate compared to neuraxial 
anesthesia [18]. However, both Lin et al.'s meta-analysis and 
our study found no significant difference in the impact of 
general anesthesia and spinal anesthesia on postoperative 
mortality [19]. In this study, we mainly focused on the 30-day 
postoperative mortality rate, while Diulus et al.'s study mainly 
focused on the 1-year postoperative mortality rate, which may 

be one of the reasons for the difference in our results. 
This study found that there was no significant difference in 

the incidence of pneumonia, pulmonary embolism, and 
myocardial infarction between patients who received 
neuraxial anesthesia and those who received general 
anesthesia in elderly patients undergoing hip surgery, 
indicating that different anesthesia methods do not affect the 
incidence of postoperative pneumonia, pulmonary embolism, 
and myocardial infarction in elderly patients undergoing hip 
surgery. Similarly, Liu et al. found no significant difference in 
the incidence of pneumonia and myocardial infarction 
between general anesthesia and spinal anesthesia in hip 
fracture surgery patients [20]. The incidence of pneumonia, 
pulmonary embolism, and myocardial infarction may be 
related to factors such as the patient's age, underlying diseases, 
blood loss, and hemodynamic fluctuations, and further 
research is needed to clarify this.  

5. Conclusion  
In our meta-analysis, we explored the impact of different 

anesthesia methods (neuraxial anesthesia and general 
anesthesia) on the incidence of postoperative delirium, 
mortality, pneumonia, pulmonary embolism, and myocardial 
infarction in elderly patients undergoing hip joint surgery. We 
found that compared with general anesthesia, neuraxial 
anesthesia did not show significant differences in the 
incidence of postoperative delirium and postoperative 
complications. Different anesthesia methods are not the main 
cause of the incidence of the above adverse events. Both 
neuraxial anesthesia and general anesthesia are effective 
anesthesia methods that can be chosen for elderly hip fracture 
surgery. 
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