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Abstract. – OBJECTIVE: Drilling and drain-
age is the main treatment for chronic subdural 
hematoma (cSDH). However, anesthesia meth-
ods also have an important effect on patients’ 
postoperative outcomes. The clinical effect of 
drainage of cSDH under local anesthesia with 
sedation (LAS) and general anesthesia (GA) was 
systematically evaluated.

MATERIALS AND METHODS: A literature 
study was conducted according to the Preferred 
Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines for stud-
ies that compare LAS and GA for cSDH. The fol-
lowing treatment outcomes were compared be-
tween LAS and GA: total duration of surgery, 
postoperative complications, mortality, recur-
rence rate, and hospital length of stay (LOS).

RESULTS: Four papers (n = 391, LAS: 196, GA: 
195) met the inclusion criteria. Although there 
was no statistically significant difference be-
tween the two groups in mortality (OR: 0.47, 95% 
CI: 0.06–3.84, p = 0.48; p = 0.2, I2 = 39%), recur-
rence rate (OR: 0.82, 95% CI: 0.33–2.04, p = 0.66; 
p = 0.69, I2 = 0%), LOS (ratio of means: 0.86, 95% 
CI: 0.71–1.05, p = 0.14; p = 0.02, I2 = 75%). The 
total duration of surgery (MD: −26.71 min, 95% 
CI: −37.29 to −16.13, p < 0.00001; p = 0.65, I2 = 
0%) was significantly shorter and the number 
of postoperative complications was significant-
ly lower in the LAS group compared with the GA 
group (OR: 0.25, 95% CI: 0.13–0.50, p < 0.0001; 
p= 0.62, I2 = 0%).

CONCLUSIONS: A systematic review and me-
ta-analysis of the existing literature showed that 
LAS reduces the total duration of surgery and 
postoperative complications compared to GA. 
No significant difference in mortality, recur-
rence rate, and LOS was observed between the 
two groups.
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Introduction

Chronic subdural hematoma (cSDH) is a 
common neurosurgical disease that often occurs 
in elderly patients1. cSDH is considered to in-
volve progressive and recurrent bleeding result-
ing in rupture of the bridging vein2. Although 
atorvastatin has been used in the conservative 
treatment of cSDH in recent years, surgery re-
mains the first choice for the treatment of cSDH, 
particularly due to the placeholder effect3. The 
most common surgical treatment for cSDH is 
drilling drainage4. The main types of anesthesia 
used for drilling drainage include local anesthe-
sia (LA) and general anesthesia (GA)5. In the 
case of LA, a small area is anesthetized for a 
short time. For patients with LA, poor medical 
experience, agitation, and lack of cooperation 
during surgery increase the risk of complica-
tions during surgery. GA has a longer duration. 
GA allows patients to undergo surgery in an 
unconscious state, reducing patients’ fear and 
improving the therapeutic effect. However, GA 
may increase the risk of intraoperative and post-
operative complications, such as hemodynamic 
instability, pulmonary infection, and thrombo-
sis, and increase hospitalization costs. When 
treating cSDH patients with drilling drainage, 
it is important to choose the appropriate anes-
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thesia. GA is more controllable intraoperatively 
than LA, and GA is preferred by many surgeons 
and anesthesiologists. Some studies6,7 have pro-
posed that LA with sedation (LAS) for external 
drainage of cSDH can reduce the risk of intra-
operative activity while avoiding postoperative 
complications associated with GA. This study 
evaluated the clinical effectiveness of LAS vs. 
GA for drainage of cSDH using meta-analysis, 
aiming to provide medical evidence for drainage 
of cSDH under different anesthetic modalities.

Materials and Methods

The analysis and generation of inclusion criteria 
were based on the Preferred Reporting Items for 
Systematic Reviews and Meta-Analysis (PRIS-
MA) guidelines8 (Supplementary Figure 1).

Literature Search and Exclusion Criteria
Randomized clinical trials (RCTs) were se-

lected from the Medline and Cochrane Con-
trol Center registers. We systematically searched 
electronic databases up to January 2022, includ-
ing PubMed/Medline, Embase, and Cochrane 
by using Boolean operators “OR” and “AND,” 
in combination or, alone with the following key-
words: “chronic subdural hematoma,” “subdural 
hematoma,” “subdural hemorrhage,” “subdu-
ral bleeding,” “local anesthesia,” “general an-
esthesia,” “anesthesia,” and “sedation.” In the 
first stage of screening, titles and abstracts were 
screened for relevant studies. Subsequently, the 
full texts were downloaded and assessed for eligi-
bility. This process was carried out independently 
by three researchers (HYL, LLY, and XYD). Any 
disagreements were settled by consensus.

RCTs were selected from the Medline and Co-
chrane Control Center registers. Non-randomized 
controlled (retrospective and prospective) trials 
and pre- and postintervention studies, observa-
tional and cohort studies, and post-hoc analyses 
of observed data from trials were included if a 
control group was reported. Studies including 
only LA or GA, animal studies, studies lacking 
important indicators, case reports, and reports in 
languages other than English were excluded.

Article Evaluation and Data Extraction
The Jadad scale was used for quality evalua-

tion of RCTs, and the Newcastle-Ottawa Scale 
(NOS) was used for quality evaluation of retro-
spective and cohort studies.

The extracted data included the first author, 
year of publication, number of cases, patient sex, 
patient age, total duration of surgery, postoper-
ative complications, mortality, recurrence rate, 
and LOS.

Statistical Analysis
Analysis was performed using RavMan 5.3 

software. The meta-analysis results of binary 
outcomes are expressed as OR and 95% CI, and 
continuous variables are expressed as weighted 
mean difference (MD) and 95% CI. Statistical 
heterogeneity among the studies was analyzed 
using the I2 test, where I2 > 50% indicates hetero-
geneity and I2 > 75% indicates strong heterogene-
ity. p < 0.05 was considered to indicate statistical 
significance.

Heterogeneity between variable groups due 
to the inclusion of non-randomized studies was 
analyzed by using the general inverse variance 
method based on data adjusted for potential con-
founders.

Ethics
This study is a systematic review and me-

ta-analysis that does not involve human participa-
tion. Informed consent and ethical approval were 
not required.

Results

Literature Search
We retrieved 269 records by searching the 

databases, and after removing duplicate results, 
a total of 252 records were available for checking 
the title and abstract. In total, 16 full-text articles 
were evaluated. A study from which relevant data 
could not be extracted was excluded5. Four stud-
ies9-12 met the inclusion criteria and were included 
in the present analysis.

Characteristics of Included Studies
Three studies9-11 were prospective, and one was 

a retrospective cohort study. The largest study9 
included 257 patients (130 LAS, 127 GA), while 
the smallest study10 included 30 patients (15 LAS, 
15 GA).

Analysis of Data
Two studies11,12 reported the total duration of 

surgery (51 LAS cases and 53 GA cases). The 
total duration of surgery of the LAS group was 
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significantly shorter than that of the GA group 
(MD: −26.71 min, 95% CI: −37.29 to −16.13, p < 
0.00001; p = 0.65, I2 = 0%) (Figure 1).

Four studies9-12 reported postoperative com-
plications (12 out of 196 LAS cases and 42 out 
of 195 GA cases). Postoperative complications 
in the LAS group mainly included epileptic 
seizure and incision infection. Postoperative 
complications in the GA group mainly included 
pulmonary infection, pleural effusion, coma, ep-
ileptic seizure, and cognitive or motor function 

deterioration. Pooled analysis revealed a statis-
tical difference in postoperative complications 
between the LAS group and the GA group (OR: 
0.25, 95% CI: 0.13-0.50, p < 0.0001; p = 0.62, I2 
= 0%) (Figure 2).

Three studies9-11 reported the postoperative re-
currence of cSDH (9 out of 161 LAS cases and 11 
out of 161 GA cases). No statistical difference in 
the recurrence of cSDH was observed between the 
LAS group and the GA group (OR: 0.82, 95% CI: 
0.33-2.04, p = 0.66; p = 0.69, I2 = 0%) (Figure 3).

Figure 2. Forest plot analyzing the postoperative complications after LAS and GA.

Figure 1. Forest plot analyzing the effects of LAS and GA on the total duration of surgery.

Figure 3. Forest plot analyzing the postoperative recurrence after LAS and GA.
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Three studies9,11,12 reported mortality data (2 
out of 181 LAS cases and 7 out of 180 GA cases). 
No statistical difference in mortality was ob-
served between the LAS group and the GA group 
(OR: 0.47, 95% CI: 0.06-3.84, p = 0.48; p = 0.2, I2 
= 39%) (Figure 4).

Four studies9-12 reported LOS, one study11 was 
excluded because of inconsistencies result, only 
three studies9,10,12 were included in our analysis. 
We calculated the ratio of mean LOS for the GA 
and LAS groups13. For example, if the mean LOS 
was 4.5 days in the GA group and 5 days in the 
LAS group, ratio of means = 4.5/5 = 0.9. We cal-
culated the log (ratio of means) and standard error 
(SE) (log(ratio of means))=SE using the Taylor 
series method. No statistically significant dif-
ference in LOS was observed between the LAS 
and GA groups (ratio of means: 0.86, 95% CI: 
0.71–1.05, p = 0.14; p = 0.02, I2 = 75%) (Figure 5).

Risk of Bias
Most of the studies had an overall moderate risk 

of bias, as assessed by the NOS, with a mean of 
5.75 stars and a standard deviation (SD) of 0.96 star.

Discussion

Guénot’s study14 show that cSDH is first de-
scribed 1656. It is a common lesion that is easy to 
treat and has low morbidity and mortality rates. 
The incidence of cSDH is estimated at 8.2 per 
100,000 persons per year, with an average age 
of onset of 63 years, and the prevalence thereof 
is expected to increase with age15. cSDH is con-
sidered a hematoma cavity surrounded by outer 
and inner membranes, where the outer membrane 
contains many fragile vessels that are often the 
source of recurrent multifocal bleeding16. Overac-
tivation of the coagulation and fibrinolysis system 
and high expression of tissue-type fibrinogen 
activator in the hematoma have been proposed 
as possible reasons for the inability to clot17. 
The risk factors of cSDH include head trauma, 
diabetes, antiplatelet drugs, liver insufficiency, 
and hemodialysis3,18,19. The most common clinical 
manifestation of cSDH is headache, and diagno-
sis often requires the patient’s clinical manifesta-
tions, computed tomography (CT), and magnetic 
resonance imaging (MRI). CT remains the pre-

Figure 4. Forest plot demonstrating the postoperative mortality after LAS and GA.

Figure 5. Forest plot demonstrating the LOS after LAS and GA.
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ferred diagnostic procedure for cSDH scanning, 
and MRI helps distinguish the stages of a sub-
dural hematoma. After decades of research, drug 
conservative treatment is feasible for patients 
with mild occupying effects and mild clinical 
symptoms, while surgical treatment is the first 
choice for patients with significant occupancy 
effects in the clinic3. Surgery by twist drill cra-
niotomy (TDC) or burr hole drainage (BHC) is 
the main treatment method worldwide. The types 
of anesthesia include LA and GA. The optimal 
type of anesthesia to use in cSDH remains con-
troversial. GA is preferred by many surgeons and 
anesthesiologists.

cSDH occurs mostly in the elderly, with poor 
basic conditions. Heart disease, pulmonary dis-
eases, and other complex conditions increase 
the risk of cSDH. Recent studies9,12,20,21 have pro-
posed that LAS with drugs such as midazolam, 
fentanyl, and dexmedetomidine can shorten the 
duration of surgery, reduce the LOS, and even 
reduce the mortality rate. However, there is a 
lack of evidence to confirm this. We conducted a 
systematic review and meta-analysis focusing on 
the total duration of surgery, postoperative com-
plications, mortality, recurrence rate, and LOS.

When the duration of surgery is reduced, the 
risk of thromboembolism, hypothermia, and in-
traoperative adverse events is reduced as well. 
These risks are lower in the case of LAS because 
GA requires induction of anesthesia, intubation, 
and extubation. Our analysis also supports the 
notion that LAS significantly reduced surgical 
time compared to GA. Two studies11,12 reported 
that the total duration of surgery with LAS was 
77.11 ± 23.91 and 68.63 ± 27.61 minutes and that 
with GA was 102.79 ± 24.80 and 101 ± 51.86 
minutes. Combined analysis shows that this dif-
ference is statistically significant (p < 0.00001).

Numerous reports22,23 show that LA and GA 
are associated with different complications. Re-
spiratory depression may occur when surgery 
is performed under sedation. The intraoperative 
complications of LAS may include insufficient 
sedation dose, hypotension, infusion reaction, 
and rash12. These complications may also occur in 
the case of GA. After both LAS and GA, patients 
are bedridden for several days due to the need for 
a drainage device for subdural drainage, which 
can lead to complications such as lung infection, 
urinary tract infection, deep vein thrombosis 
(DVT), and bedsores, especially in the elderly. In 
the included literature, postoperative complica-
tions of LAS include epilepsy, wound infection, 

fever, and DVT. The postoperative complication 
rate of LAS is 6.12%. Postoperative complica-
tions of GA target cognitive or motor deteri-
oration, pulmonary infection, pleural effusion, 
cardiac complications, sepsis, acute kidney in-
jury, bleeding, electrolyte disorder, hypotension, 
stroke, pseudomeningocele, subdural infection, 
pleural effusion, low hemoglobin levels, coma, 
fever, and systemic seizures. The postoperative 
complication rate of GA is 21.54%. According to 
our analysis, LAS can significantly reduce the in-
cidence of postoperative complications compared 
with GA (p < 0.0001).

Craniotomy was the preferred surgical proce-
dure for cSDH, although the mortality rate is up 
to 30%24. cSDH was treated by simple drilling 
and drainage, which later evolved to TDC or 
BHC, and the mortality rate has decreased sig-
nificantly but has not been brought to zero. In 
addition to the changes in surgical methods, LAS 
plays a role in reducing mortality after cSDH 
drainage by reducing the incidence of postopera-
tive complications. In a retrospective analysis by 
Wong et al9, it was found that LAS significantly 
reduced the mortality of patients compared with 
GA. The causes of death may be associated with 
postoperative complications such as pulmonary 
infection, thrombosis, and underlying diseases. 
In Mahmood et al11, regardless of the type of 
anesthesia, patient death may be associated with 
underlying diseases such as chronic kidney dis-
ease. Our analysis indicated that mortality was 
not significantly different between LAS and GA 
(p = 0.48).

In past studies19,25,26, different drainage meth-
ods were shown to reduce the recurrence of 
cSDH. However, intracranial and extracranial 
communication, the introduction of a drainage 
tube, and other factors may pose a true or false 
risk of postoperative infection. It has been report-
ed that the recurrence rate of cSDH after surgery 
is between 2.5% and 33%, and the recurrence rate 
increases with age27,28. The etiology of relapses is 
not fully understood. Many factors seem to con-
tribute to the risk of relapse. In older patients with 
brain atrophy, a decrease in brain tissue elasticity 
due to cSDH oppression, the large residual sub-
dural space after surgery, the use of antiplatelet 
agents, angiogenesis growth factors, and inflam-
matory cytokines, high levels of IL-6 in subdural 
fluid, and factors enhancing outer membrane 
VEGF and bFGF expression may lead to the 
recurrence of cSDH3. Recurrent cSDH presents 
a significant challenge to patient management. 
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Blaauw’s study29 showed no significant difference 
in the three-month recurrence rate between LA 
and GA. To reduce the objective factors of cSDH 
as much as possible, we analyzed the effects of 
LAS and GA on the recurrence of cSDH. No sig-
nificant difference in cSDH recurrence was found 
between LAS and GA (p = 0.66).

Theoretically, if the total duration of surgery is 
reduced, the occurrence of surgery-related com-
plications should reduce as well, leading to a re-
duction in LOS. There is likely to be an increased 
demand for post-anesthesia care units, and this is a 
potential advantage of LAS. Wong et al9 and Surve 
et al12 also seem to support the notion that LAS can 
reduce the LOS. According to our previous analy-
sis, LAS can significantly reduce the total duration 
of surgery and postoperative complications, and 
theoretically, LOS will be shorter in the case of 
LAS. However, we found no significant difference 
in LOS between LAS and GA (p = 0.14).

There are some limitations to this meta-anal-
ysis. There is little literature available, and the 
available studies are prospective and retrospec-
tive cohort studies rather than randomized, 
matched, or paired studies between two patient 
groups. At the same time, the surgery should not 
be carried out blindly. Despite these limitations, 
we believe that the results of our meta-analysis 
may be useful to surgeons and anesthesiologists 
in their choice of anesthesia for surgical treatment 
of cSDH.

Conclusions

To our knowledge, this is the first meta-analysis 
assessing the differences between LAS and GA 
in the treatment of cSDH. Our analysis included 
three retrospective studies and one prospective 
study, most of which were of moderate quality. 
Although no randomized double-blind studies 
have been conducted, the available studies reflect 
the actual situation in the clinic and assist clinical 
decision makers.
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