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Abstract 
Background: Previous findings on the effect of general versus spinal anesthesia on postoperative delirium in elderly people 
with hip fractures are somewhat controversial. This article included the latest randomized controlled study for meta-analysis to 
evaluate the effect of general anesthesia (GA) and spinal anesthesia (SA) on delirium after hip fracture surgery in the elderly, so as 
to guide the clinical.

Methods: Cochrane Library, PubMed, Web Of Science, and Embase were searched from inception up to January 16, 2024. 
Randomized controlled trial (RCT) was included to evaluate the postoperative results of GA and SA in elderly patients (≥50 years 
old) undergoing hip fracture surgery. Two researchers independently screened for inclusion in the study and extracted data. 
Heterogeneity was assessed by the I²and Chi-square tests, and P < .1 or I² ≥ 50% indicated marked heterogeneity among 
studies. The Mantel–Haenszel method was used to estimate the combined relative risk ratio (RR) and the corresponding 95% 
confidence interval (CI) for the binary variables.

Results: Nine randomized controlled trials were included. There was no significant difference (RR = 0.93, 95% CI = 0.774–
1.111, P > .05) in the incidence of postoperative delirium between the GA group and the SA group. In intraoperative blood 
transfusion (RR = 1.0, 95% CI = 0.77–1.28, Z = 0.04, P = .971), pulmonary embolism (RR = 0.795, 95% CI = 0.332–1.904, 
Z = 0.59, P = .606), pneumonia (RR = 1.47, 95% CI = 0.75–2.87, P = .675), myocardial infarction (RR = 0.97, 95% CI = 0.24–
3.86, Z = 0.05, P = .961), heart failure (RR = 0.80, 95% CI = 0.26–2.42, Z = 0.40, P = .961), urinary retention (RR = 1.42, 95% 
CI = 0.77–2.61, Z = 1.11, P = .267) were similar between the 2 anesthetic techniques.

Conclusion: There is no significant difference in the effect of GA and SA on postoperative delirium in elderly patients with hip 
fracture, and their effects on postoperative complications are similar.

Abbreviations: Aβ = amyloid β, CI = confidence interval, GA = general anesthesia, M-H = Mantel–Haenszel, POD = postoperative 
delirium, RCT = randomized controlled trial, RR = relative risk, SA = spinal anesthesia.
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1. Introduction
With the arrival of an aging society, hip fracture has become one 
of the major health problems facing the elderly. It is estimated 
that there will be 6.26 million patients with hip fracture every 
year by 2050.[1] The prognosis of patients with hip fracture 
treated conservatively is poor, so surgical treatment is usually 
considered essential.[2,3] However, postoperative complications 
are more frequent in elderly patients, especially the incidence 

of postoperative delirium (POD) is high (30%–65%), which 
is significantly related to the length of hospital stay, mortality 
and postoperative complications.[4,5] It has been found that the 
incidence of POD is lower in spinal anesthesia (SA) compared 
to general anesthesia (GA).[6] However, the results of a large 
randomized controlled trial (RCT) published recently were dif-
ferent. The investigators of that trial concluded that there was 
no significant difference between the 2 types of anesthesia in 
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the occurrence of delirium in elderly patients after hip frac-
ture surgery.[7] Therefore, the correlation between anesthesia 
methods and POD in elderly patients with hip fracture remains 
controversial, which deserves further exploration.

The results of META analysis by Zheng et al[8] on the effect of 
anesthesia modality on POD after hip fracture showed that there 
was no significant difference in the occurrence of POD between 
GA and SA patients. However, its research only included the 
research from January 2000 to May 2019.The search terms 
used are too sketchy, the search formula is not explicitly given, 
and the search strategy has certain limitations. In recent years, 
several relevant RCTs have been published.[7–9] These articles 
may become evidence to support or oppose previous conclu-
sions. Based on a thorough literature search, this study objec-
tively evaluated the effect of GA and SA on the occurrence of 
POD in elderly patients with hip fractures, providing further 
evidence-based evidence for clinical practice.

2. Methods
The study protocol has not been previously published. This 
meta-analysis followed the systematic review and meta-analysis 
statement of preferred reporting items. All analyses were based 
on previously published studies, thus no ethical approval and 
patient consent are required.

2.1. Search strategy and criteria

2.1.1. Bibliography retrieval.  References were managed using 
EndNoteX9.1 software (Thomson Reuters, New York, NY). 
Two investigators (G. F. and W. S.) independently searched 
PubMed, Web Of Science, Embase and Cochrane Library up to 
January 16, 2024, to collect RCTs of GA compared to SA for 
the treatment of hip fractures in the elderly. Search formula at 
the end of the text.

2.1.2. Acceptance criteria

Two researchers (G.F. and W.S.) independently screened the lit-
erature, and a third author resolved conflicts when they encoun-
tered different opinions (Z.A.). Inclusion criteria: Research type: 
the RCT study on the effect of GA and SA on POD in elderly 
patients with hip fracture. Research object: elderly patients 
(age ≥50 years) who meet the diagnostic criteria for hip frac-
ture, with no restrictions on race, sex, or fracture classification, 
etc. Outcome indicators: include any of the required outcome 
indicators, such as the number of POD, pulmonary embolism, 
pneumonia, myocardial infarction, etc. Exclusion criteria: 
repeated published literature and data. Literature with inconsis-
tent research contents. Overviews, abstracts, conference report 
literature. Literature for which full text is not available or corre-
sponding indicators cannot be obtained from the original data.

2.2. Data extraction

The data extraction is completed by 2 researchers (G.F. and 
W.S.) independently, and in case of discrepancies, the third 
author resolved the conflict (Z.A.) and fill in the data extraction 
form. The following variables were collected from the included 
papers: Author’s name, publication time, experimental coun-
try, sample size, intervention measures, number of subjects, 
basic characteristics of subjects, outcome indicators, etc.

2.3. Quality of included studies

The risk of bias for each RCT was assessed as suggested by the 
Cochrane Collaboration Handbook for Systematic Reviews of 

Interventions.[10] Risk of bias was classified as high, low, and 
unclear for each of selection bias types. There are seven scor-
ing items including selection bias-randomization, selection bias- 
allocation concealment, implementation bias, measurement 
bias, follow-up bias, reporting bias, and other bias. Generate 
risk of bias maps via Revman 5.3 (Fig. 1).

2.4. Statistical analysis

We use Mantel–Haenszel method to estimate the combined rel-
ative risk ratio (RR) and corresponding 95% confidence inter-
val (CI) of binary variables. Heterogeneity was tested using 
the Cochran Chi-squared test (Q test) and the I² test. If P > .1 
and I² ≤ 50%, indicating homogeneity, a fixed-effects model 
was applied for analysis. If P ≤ .1, I²> 50%, heterogeneity was 
suggested and a heterogeneity exclusion study was performed. 
Sensitivity analysis of the research results and bias analysis using 
Begg test. All analysis procedures were performed by STATA 
15.0 software (Stata Corporation, College Station, TX).

2.5. Study characteristics

The flow chart of the study screening is shown in Figure 2. 
Eight hundred eleven studies were identified from the electronic 
database. After removing duplicates (n = 174), 637 articles were 
screened. After filtering titles and abstracts, 599 articles were 
excluded. Of the remaining 38 studies, 29 articles were excluded 
after full-text review, and 9 studies were finally included. The 
total incidence of POD in 8 papers[7,9,11–16] is 0.98% to 43.86%, 
and the specific characteristics are shown in Table 1.

2.6. Methodological quality assessment and publication 
bias

The Cochrane risk assessment tool was used to assess the quality 
of the included study. Among them, 8 studies described the ran-
domization methods, and all 9 papers described the allocation 
hiding method. Implementation bias is high risk because anes-
thesia personnel are necessarily informed about the anesthesia 
method. The results of 1 study were measured directly by the 
experimenter, and the measurement bias of other items was low 
risk. There were no follow-up bias, reporting bias and other bias 
in all 9 studies. We used Begg test to evaluate the publication 
bias of each outcome. The values of Begg test for each factor are 
listed in Table 2. We used Begg test to evaluate the publication 
bias of each outcome. The values and figures of Begg test for 
each factor are listed in Table 3 and Figure 3, respectively.

3. Meta-analysis results

3.1. Postoperative delirium

Eight studies[7,9,11–16] reported the POD rate of 3210 patients 
(1612 in GA group;1598 in SA group).After the heterogeneity 
test, I2 = 57.0% > 50% and P = .023 < .1 for the Q test, suggest-
ing that the heterogeneity between the literature selected for this 
study is statistically significant. Further examination of the star 
diagram suggests that there is a strong possibility of heterogene-
ity in 1 literature, as shown in the Figure 4. A sensitivity analysis 
of the 8 papers in this study revealed that Heidari et al11 had a 
greater impact on heterogeneity. After removing this study, the 
combined effect variables of meta-analysis changed significantly. 
Therefore, deleting the article and performing the heterogene-
ity test again after removing the research showed that there 
was no heterogeneity in the remaining 6 papers (I2 = 30.4% 
< 50%, P = .196 > .1).After excluding heterogeneity, meta- 
analysis was performed with fixed effects. The RR value of the 
7 studies was 0.93, and the 95% CI was 0.774 to 1.111, which 
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was statistically significant (Z = 0.82, P > .05), suggesting that 
the occurrence of POD was not associated with the choice of 
general or SA. The details are shown in Figure 5.

3.2. Intraoperative blood transfusion

Three studies[9,14,17] reported the number of intraoperative 
blood transfusion, and 1304 patients were included in the 
study (GA = 656; SA = 648).After the Q test, we got P = .672, 
I² = 0%, indicating that the heterogeneity between studies is 
not significant, so we use fixed-effect model to combine the 
results. The combined results showed that there was no signifi-
cant difference in the occurrence of intraoperative blood trans-
fusion between the 2 groups (RR = 0.98, 95% CI = 0.76–1.27, 

Z = 0.16, P = .872). The specific situation is shown in Figure 6A. 
In the 2 studies included, the blood transfusion rate in the GA 
group was 15.43%, the incidence of delirium was 3.80%, the 
rate in the SA group was 15.74%, and the incidence of delirium 
was 5.10%. This may mean that blood transfusion is one of the 
potential risk factors for delirium.

3.3. Pulmonary embolism

Five studies[7,11–14] reported the number of patients with post-
operative pulmonary embolism, including 1214 cases in GA 
group and 1188 cases in SA group. Through heterogeneity test, 
I2 = 0.0% < 50%, and P = .426 > .1 for the Q test. This sug-
gests that there is no obvious heterogeneity between the selected 

Figure 1.  Risk of bias. (A) Risk of bias summary: review authors’ judgements about each risk of bias item for each included study. (B) Risk of bias graph: review 
authors’ judgements about each risk of bias item presented as percentages across all included studies.
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literature in this study. Therefore, the fixed-effect model is used 
to analyze the results. Combined data showed no significant dif-
ference between the 2 groups (RR = 0.795, 95% CI = 0.332–
1.904, Z = 0.59, P = .606). The details are in Figure 6B.

3.4. Pneumonia

A total of 5 publications[7,11–14] were included in studies of 
postoperative pneumonia, enrolling a total of 2402 patients 
(GA = 1214, SA = 1188). Through Q test, P = .675, I² = 0.0% 
< 50%, this suggests that the heterogeneity of these stud-
ies is low, so the results were analyzed using the fixed-effects 
model. Summary data showed no significant difference in the 

occurrence of postoperative pneumonia between GA and SA 
(RR = 1.47, 95% CI = 0.75–2.87, P = .675, Fig. 6C).

3.5. Myocardial infarction

A total of 4 studies[9,11,12,14] reported 1711 patients with postop-
erative myocardial infarction (GA = 863; SA = 848). And the Q 
test showed that the heterogeneity of the 4 studies included was 
not significant (P = .834, I² = 0.0% < 50%). The combined results 
of the fixed-effect model showed no significant difference in the 
occurrence of postoperative myocardial infarction between the 2 
anesthetic methods (RR = 0.97, 95% CI = 0.24–3.86, Z = 0.05, 
P = .961). The specific situation is shown in Figure 6D.

Figure 2.  Diagram of study selection. GA = general anesthesia, SA = spinal anesthesia.

Table 1

Incidence of postoperative delirium.

Author Year Event_GA Total_GA Incidence rate_GA Event_SA Total_SA Incidence rate_SA Total incidence rate

Hole et al 1980 8 31 25.81% 1 29 3.45% 15%
Berggren et al 1987 11 29 37.93% 14 28 50% 43.86%
Parker and Griffiths 2015 0 157 0.00% 3 148 2.03% 0.98%
Neuman et al 2021 124 629 19.71% 130 633 20.54% 20.13%
Tzimas et al 2018 4 33 12.12% 10 37 27.03% 20.0%
Heidari et al 2021 22 197 11.17% 7 190 3.68% 7.49%
Li et al 2021 24 474 5.06% 29 476 6.09% 5.58%
Casati et al 2003 9 15 60.00% 8 15 53.33% 56.67%
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3.6. Heart failure

A total of 4 publications[9,11,12,14] reported the outcome of post-
operative heart failure, including 1361 patients (GA = 685; 
SA = 676). Q test showed P = .541 and I² = 0.0% < 50%, 
which implied no significant heterogeneity between the 4 
studies. The fixed-effect model was used to merge. The com-
bined results showed that there was no significant difference 
in the incidence of heart failure after GA and SA (RR = 0.80, 
95% CI = 0.26–2.42, Z = 0.40, P = .961). The details are in 
Figure 6E.

3.7. Urinary retention

Four studies[9,12–14] reported the results of postoperative urinary 
retention, 695 patients with GA and 686 patients with SA were 
included in the study. And the Q test showed that the hetero-
geneity of the 4 studies included was not significant (P = .163, 
I² = 41.4% < 50%).There is no significant difference in the 
occurrence of urinary retention between GA and SA patients 
after the combination of fixed-effect models (RR = 1.42, 95% 
CI = 0.77–2.61, Z = 1.11, P = .267). The details are shown in 
Figure 6F.

4. Discussion
POD is a common postoperative complication of hip frac-
ture in the elderly, which poses a psychological and eco-
nomic burden to patients, and the care of delirious patients 
is difficult and brings challenges to medical staff. The inci-
dence of POD is higher in patients with hip fractures, thus 
preventing POD is a key and challenging aspect in the diag-
nosis and treatment of elderly hip fractures. The mecha-
nism of POD in elderly patients with hip fracture is still not 
clear, but some risk factors have already been explored.[18,19] 
Factors such as intraoperative anesthesia mode, intraop-
erative blood transfusion and selection of anesthetic have 
an impact on patients’ mental status.[20,21] The relationship 
between anesthesia mode and POD is still controversial, so 
it is worth further exploration.

4.1. Effect of anesthesia mode on postoperative delirium

Common anesthesia methods for hip fractures include GA and SA. 
GA has the advantage of improving patients’ experience during 
operation and alleviating patients’ fear of operation. However, GA 
also has certain disadvantages, such as long hospital stay, compli-
cations of cardiovascular disease, infection, POD, etc.[22] Among 
them, POD brings great physical and mental suffering to patients 
and reduces their quality of life, so it deserves further study. The 
potential link between GA and postoperative cognitive impairment 
was first described by Bedford.[23] Some scholars have since found 
through research that GA may affect long-term morphological and 
functional changes in the brain.[24] The number of patients using 
SA in hip fracture surgery increased by 50% between 2007 and 
2017, which indicates that the prognosis of SA is better.[25] Several 
studies have shown a higher incidence of POD with GA compared 
to SA.[26,27] However, some scholars believe that SA will lead to 
changes in the level of Aβ and Tau in cerebrospinal fluid of patients, 
resulting in cognitive impairment. Through collecting cerebrospi-
nal fluid of patients undergoing total hip replacement during SA, it 
is found that the lower the Aβ/Tau ratio, the higher the incidence 
of POD.[28] Two large RCTs recently published showed that there 
was no significant difference between GA and SA in the occurrence 
of delirium after hip fracture surgery in elderly patients.[7,9] In this 
study, by comparing SA with GA, we found no significant differ-
ence in the occurrence of delirium after hip fracture surgery in the 
elderly between the 2 anesthesia mode. Compared to previously 
published studies, we have refined the search terms and included 
the latest clinical RCTs to provide clinical practitioners with more 
rigorous and up-to-date evidence to support.[8] The different types 
of anesthetic drugs and routes of administration among the studies 
included in this meta-analysis have some impact on the results, so 
we conducted heterogeneity tests and sensitivity analyses to obtain 
more accurate results.

4.2. Effect of anesthesia mode on intraoperative blood 
transfusion

Because of its special anatomical location, the incidence of 
massive intraoperative blood loss and intraoperative blood 

Table 2

The Cochrane Collaboration’s tool for assessing risk of bias.

Author Year
Selection bias-random 
sequence generation

Selection bias-
allocation concealment

Performance 
bias

Detection 
bias

Attrition 
bias

Reporting 
bias

Other 
bias

Li et al 2021 Low risk Low risk High risk Low risk Low risk Low risk Low risk
Neuman et al 2021 Low risk Low risk High risk Low risk Low risk Low risk Low risk
Parker and Griffiths 2015 Low risk Low risk High risk Low risk Low risk Low risk Low risk
Tzimas et al 2018 Low risk Low risk High risk Low risk Low risk Low risk Low risk
Heidari et al 2021 Low risk Low risk High risk Low risk Low risk Low risk Low risk
Berggren et al 1987 High risk Low risk High risk Low risk Low risk Low risk Low risk
Hole et al 1980 Low risk Low risk High risk High risk Low risk Low risk Low risk
Mohammad Haghighi 2017 Low risk Low risk High risk Low risk Low risk Low risk Low risk

Table 3

Results from the meta-analyses on other result variables.

Variable Number of study Total sample RR 95% CI P value I2 (%) Q test (p) Beggs’s test Statistical method

Postoperative delirium 7 3210 0.93 0.774–1.111 .196 30.4 0.023 0.764 M-H, fixed
Number of intraoperative blood transfusions 2 1304 0.98 0.76–1.27 .872 0 0.672 1 M-H, fixed
Postoperative pulmonary embolism 5 2402 0.795 0.332–1.904 .606 0 0.426 1 M-H, fixed
Postoperative pneumonia 5 2402 1.47 0.75–2.87 .675 0 0.675 0.086 M-H, fixed
Postoperative myocardial infarction 4 1711 0.97 0.24–3.86 .961 0 0.834 1 M-H, fixed
Postoperative heart failure 4 1361 0.8 0.26–2.42 .961 0 0.541 1 M-H, fixed
Postoperative urinary retention 4 1381 1.42 0.77–2.61 .267 41.4 0.163 0.308 M-H, fixed

CI = confidence interval, M-H = Mantel–Haenszel, RR = risk ratio.
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transfusion is high, and intraoperative blood transfusion is 
closely related to the occurrence of POD.[29,30] Therefore, it is 
necessary to study the relationship between anesthetic methods 
and intraoperative blood transfusion in order to prevent the 
occurrence of delirium in the elderly after hip fracture surgery. 
The blood pressure of patients is at a lower level than usual 
during GA, and intraoperative bleeding is significantly reduced 
when blood pressure is lower during surgery.[31,32] Intraoperative 
blood loss is closely related to intraoperative transfusion, and 
the use of allogeneic blood transfusion to correct blood loss 
predisposes to the development of POD.[33] The author sug-
gests that this anesthesia-blood pressure-transfusion interac-
tion mechanism may be the reason for the lower incidence of 
delirium in patients who had GA in previously published stud-
ies. Some scholars have found that the levels of interleukin 6 
and interleukin 8 in peripheral blood of patients with delirium 
after hip fracture surgery increase.[34] Blood transfusion acti-
vates tumor necrosis factor α, interleukin 6, and interleukin 10 
in plasma, which may be the mechanism of blood transfusion 
leading to the occurrence of POD.[35] However, the results of this 
meta-analysis showed that there was no significant difference in 
the number of intraoperative blood transfusions between the GA 
and SA, which was inconsistent with the previously published 
meta-analysis results. The reason for this inconsistency may be 
the advances of the relevant surgical procedures in recent years 
and the apparent difference in the sample size included. After 
including the latest published studies, we obtained the same 
meta-analysis results as before, namely that SA did not show a 
significant advantage over GA in preventing postoperative com-
plications such as pulmonary embolism, pneumonia, and heart 
failure in elderly patients with hip fractures. All of the studies 

included in this study are high-quality RCTs. However, there 
are still some disadvantages such as small sample size, incon-
sistent anesthetic drugs and anesthetic routes, and there is still 
an urgent need for more RCTs with large samples to verify the 
accuracy of the conclusions.

4.3. Effect of anesthesia methods on other postoperative 
complications

Elderly hip fractures, due to their surgical characteristics, are 
prone to postoperative complications. Common postopera-
tive complications include pneumonia, pulmonary embolism, 
heart failure, myocardial infarction, and urinary retention. The 
occurrence of these postoperative complications poses signifi-
cant challenges to patient recovery and increases the difficulty 
of postoperative care. Therefore, while exploring the impact of 
anesthesia methods on postoperative delirium, we also inves-
tigated the effects of anesthesia methods on the occurrence of 
other complications, aiming to determine the optimal anesthesia 
method for surgery on elderly hip fractures.

It is generally believed that endotracheal intubation 
during general anesthesia increases the incidence of postop-
erative pneumonia. However, according to the results of our 
meta-analysis, the anesthesia method has no significant effect 
on postoperative complications such as pneumonia, pulmo-
nary embolism, heart failure, myocardial infarction, or urinary 
retention. However, the studies included in this analysis are 
limited, so more research is needed to confirm the relationship 
between anesthesia method and the occurrence of other post-
operative complications.

Figure 3.  Funnel diagram of each complication. (A) Postoperative delirium. (B) Number of intraoperative blood transfusions. (C) Postoperative pulmonary embo-
lism. (D) Postoperative pneumonia. (E) Postoperative myocardial infarction. (F) Postoperative heart failure. (G) Postoperative urinary retention.
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Figure 4.  Star diagram of delirium.

Figure 5.  Meta-analysis of the occurrence of delirium after general and spinal anesthesia. CI = confidence interval, GA = general anesthesia, M-H = Mantel–
Haenszel, RR = relative risk, SA = spinal anesthesia.
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4.4. Effect of anesthetics on postoperative delirium

The use of intraoperative anesthetics affects the patient’s 
postoperative mental status. Different anesthetics have dif-
ferent advantages and disadvantages. There is evidence that 

the incidence of POD varies among patients under different 
anesthetics for the same procedure.[36] Therefore, it is essen-
tial to investigate the effect of anesthetics on the occurrence 
of POD. Sevoflurane, propofol and lidocaine are commonly 

Figure 6.  Other meta-analysis results of general anesthesia and spinal anesthesia. (A) Intraoperative blood transfusion. (B) Pulmonary embolism. (C) Pneumonia. 
(D) Myocardial infarction. (E) Heart failure. (F) Urinary retention. CI = confidence interval, GA = general anesthesia, M-H = Mantel–Haenszel, RR = relative risk, 
SA = spinal anesthesia.
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used anesthetics in the operation of hip fracture in the elderly. 
There is a certain incidence of POD after sevoflurane anesthe-
sia and propofol anesthesia.[37] Dexmedetomidine has anxio-
lytic, sedative and analgesic properties, and it can reduce the 
incidence of POD.[38] Therefore, it can be assumed that the 
addition of dexmedetomidine to sevoflurane anesthesia and 
propofol anesthesia can reduce the incidence of POD. There is 
a study confirming the hypothesis that the use of dexmedeto-
midine reduces the incidence of delirium after sevoflurane anes-
thesia.[39] Further studies have found that the triple therapy of 
dexmedetomidine, midazolam and antiemetic is the best phar-
macological strategy to prevent mental disorder after sevoflu-
rane anesthesia.[40] However, the effect of dexmedetomidine in 
improving the incidence of delirium after propofol anesthesia 
is not satisfactory.[41] Studies have confirmed that the perioper-
ative use of midazolam is not significantly associated with the 
occurrence of postoperative delirium. Furthermore, the use of 
midazolam significantly reduces the incidence of cardiac and 
pulmonary complications.[42,43] Because of the wide variety of 
anesthetics selected in the study included in this meta-analysis,  
it is difficult to conduct data analysis. However, the effect of 
anesthetics on patients’ postoperative mental status is pro-
found, so this may be a direction for future research to prevent 
the occurrence of POD.

5. Conclusion
Based on the latest clinical RCTs, we meta-analyzed the effect of 
GA versus SA on the occurrence of delirium after hip fracture 
in the elderly. The results of the study showed that there was no 
significant difference in the incidence of delirium after GA and 
SA. In addition, we reassessed the relationship between GA and 
SA and pulmonary embolism, pneumonia, myocardial infarc-
tion, heart failure, urinary retention, and intraoperative blood 
transfusion.
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