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Abstract: Althoughanti-inflammatory drug therapy has been identified as potentially beneficial
for patients suffering from chronic subdural hematoma (cSDH), contemporary literature presents
contradictory results. In this meta-analysis, we aimed to investigate the impact of anti-inflammatory
drug therapy on mortality and outcome. We searched for eligible randomized, placebo-controlled
prospective trials (RTCs) on PubMed, Embase and Medline until July 2022. From 97 initially identified
articles, five RTCs met the criteria and were included in our meta-analysis. Our results illustrate
significantly lower rates of recurrent cSDH (OR: 0.35; 95% CI: 0.21–0.58, p = 0.0001) in patients
undergoing anti-inflammatory therapy. In the subgroup of patients undergoing primary conservative
treatment, anti-inflammatory therapy was associated with lower rates of “switch to surgery” cases
(OR: 0.30; 95% CI: 0.14–0.63, p = 0.002). Despite these findings, anti-inflammatory drugs seemed to be
associated with higher mortality rates in patients undergoing surgery (OR: 1.76; 95% CI: 1.03–3.01,
p = 0.04), although in the case of primary conservative treatment, no effect on mortality has been
observed (OR: 2.45; 95% CI: 0.35–17.15, p = 0.37). Further multicentric prospective randomized trials
are needed to evaluate anti-inflammatory drugs as potentially suitable therapy for asymptomatic pa-
tients with cSDH to avoid the necessity of surgical hematoma evacuation on what are predominantly
elderly, vulnerable, patients.

Keywords: inflammation; anti-inflammatory drug therapy; chronic subdural hematoma; mortality;
meta-analysis

1. Introduction

Chronic subdural hematoma (cSDH) is a commonly diagnosed neurological disorder
among elderly patients. Due to global population aging and spreading of slice imaging, the
overall incidence increased significantly, from 8.2 to 48 per 100,000/year [1]. Against this
backdrop, there is an increasing demand to investigate sufficient novel adjuvant therapy
methods to surgery or alternative methods to surgery for asymptomatic patients. To date,
surgical evacuation is considered the main avenue of medical treatment [2–7].

Traumatic injury, and corresponding intracranial hemorrhage, are the key sources of
development of cSDH. However, sustained inflammatory burden is suggested as one of
the major drivers in cSDH fluid collection and membrane growth [8]. Vascular endothelial
growth factor (VEGF) in the cSDH fluid collection is increasingly discussed and inves-
tigations suggest that it may be secreted by inflammatory cellular components, such as
neutrophils, within the fluid collection, and the endothelial cells of the external mem-
brane, or by macrophages infiltrating the cSDH [9–11]. Furthermore, the concentration
of interleukin-6 (IL-6) in the cSDH fluid has been found to be significantly increased in
patients with recurrent cSDH, compared to those without a recurrence [12].

Previous clinical trials investigated several anti-inflammatory (e.g., corticosteroids,
atorvastatin, celecoxib) therapy options to optimize the clinical care of those predominantly

Int. J. Mol. Sci. 2022, 23, 16198. https://doi.org/10.3390/ijms232416198 https://www.mdpi.com/journal/ijms

https://doi.org/10.3390/ijms232416198
https://doi.org/10.3390/ijms232416198
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ijms
https://www.mdpi.com
https://orcid.org/0000-0002-1794-0387
https://orcid.org/0000-0001-8319-0847
https://doi.org/10.3390/ijms232416198
https://www.mdpi.com/journal/ijms
https://www.mdpi.com/article/10.3390/ijms232416198?type=check_update&version=2


Int. J. Mol. Sci. 2022, 23, 16198 2 of 17

elderly and vulnerable cSDH patients. For instance, corticosteroids are known for their
anti-inflammatory functions, which alter the gene expression profile, the transcription of
mediators of inflammatory responses, such as cytokines or chemokines, and the polarization
of macrophages [13–16]. Moreover, statins can accelerate hematoma resorption and reduce
brain edema by enhancing Treg cells in the brain, which act as negative regulators of
inflammation [17]. To date, there is no general consensus for a standardized prescription of
an anti-inflammatory drug for cSDH patients.

The present meta-analysis aimed to investigate the existing evidence and identify
effective anti-inflammatory interventions for cSDH patients with regard to neurological
outcome, mortality, and cSDH growth.

2. Methods

In this meta-analysis, the authors strictly followed the PRISMA checklist (see
Supplementary Figure S1) [18] and the Cochrane Handbook for systematic Reviews of
Interventions Version 6.3 [19]. The systematic review and meta-analysis were registered in
POSPERO prior on completion of the initial search.

2.1. Inclusion and Exclusion Criteria

The authors conducted a systematic search of the Pubmed, Embase and Medline
databases in July 2022, for the term “chronic subdural hematoma”. The search was limited
to “randomized controlled trials”, “human studies”, “clinical trials” and “English”. The lit-
erature search included all results until 30 June 2022. The inclusion criteria were formulated
according to the PICOS (population, intervention, comparator, outcomes and study design)
framework [20]. These criteria were as follows: patients had undergone treatment for
chronic subdural hematoma; relevant anti-inflammatory drug therapies were performed;
results were compared to a placebo control; all results of the prespecified endpoints were
reported; and the trials were defined as prospective randomized, placebo-controlled, and
double-blinded studies. The following types of records were excluded: reviews, study
protocols, letters, conference abstracts, unpublished papers, animal experiments, and trials
with insufficient data (e.g., randomized controlled trials without a placebo control or that
were not double-blinded in setting). Furthermore, previous meta-analyses and reviews
were searched for studies matching our inclusion and exclusion criteria.

The identified articles were further examined in a stepwise workflow: (1) titles of the
studies, (2) abstract of the study and, finally, (3) the two authors screened the full texts
independently (MV and JV) until all retrieved studies were either included or excluded.
Any disagreement between the two authors was settled by the third author (EG).

2.2. Types of Studies

To conduct the meta-analysis, we included randomized, double-blind, placebo-controlled
clinical trials evaluating the use of anti-inflammatory drugs regarding long-term neurolog-
ical outcome, mortality, and the need for secondary surgery due to recurrence/hematoma
expansion in patients with chronic subdural hematoma.

Modified Ranking scale was used to measure the neurological outcome, which was,
subsequently, evaluated in accordance with the definition of poor outcome as a score of
3–6 and good outcome as a score of 0–2 [21]. The Markwalder grading score was di-
chotomized into good (0–1) and poor (2–4) outcome.

To evaluate the effect of anti-inflammatory therapy on recurrence rate/hematoma
expansion, relevant patients were only those with the need for secondary surgery. We
defined secondary surgery as either failure of conservative treatment and subsequent
switch to surgery, or necessity for second surgery after primary hematoma evacuation.
Symptom-free patients with radiological signs of subdural hematoma expansion were not
included in the analysis of recurrence rate/hematoma expansion if secondary surgery had
not been performed [22].
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Corticosteroid therapy regimens were investigated regarding the administered dosage.
The cumulative dosages of the trials were divided in low dose and high dose corticosteroid
therapies. The threshold for the dichotomization of corticosteroid therapies was the median
of cumulative corticosteroid dosage of all studies (190 mg).

2.3. Data Extraction and Quality Evaluation

Study names, first authors, year of publication, country, number of centers (mono-, bi-
or multi-centric), basic trial design (randomization, allocation, lack of data, lack of reported
outcome, intention-to-treat analysis), and other relevant data were extracted as baseline
data. The Cochrane Bias Risk Tool was used to investigate the risk of bias (ROB) in the
included trials using the software Review Manager Web (RevMan Web Version 5.4.1 from
The Cochrane Collaboration, available at revman.cochrane.org (accessed on 31 August
2022)). The following six characteristics regarding risk of bias assessment were included in
the analysis: selection bias, performance bias, detection bias, attrition bias, reporting bias,
and other sources of bias. Afterwards, a risk of bias summary chart and plot were created.

2.4. Statistics

Review Manager Web (RevMan Web Version 5.4.1 from The Cochrane Collaboration)
was used to conduct the meta-analyses. To investigate the statistical heterogeneity and
inconsistency, x2 and I2 statistics were used, respectively; an I2 value of 50% or more
represented substantial heterogeneity. Weight of the relative contribution of the individual
studies, based on the sample size, was considered with regard to the estimation of treatment
effects. The following three methods were used to assess the publication bias: (1) Funnel
plots were created to visually examine the publication bias of included studies; (2) An Egger
regression test was used to statistically investigate the funnel plot symmetry. The likelihood
of publication bias was determined using the Egger regression intercept two-tailed test
and a 5% significance threshold was set [23]; (3) Begg’s test was performed to evaluate
the asymmetry of the data [24]. Egger’s and Begg´s tests were performed using MedCalc
(Version 20.123 for Windows). Effect sizes were expressed as pooled OR estimates. The
following endpoints were investigated using this statistical stepwise workflow: mortality,
recurrence, and neurological outcome.

2.5. Grading of the Evidence

The overall certainty of all trials was rated using the Grading of Recommendations,
Assessment, Development, and Evaluation (GRADE) approach [25,26]. Criteria to judge
included trial limitations (according to Newcastle Ottawa Scale [27]), inconsistency (significant
study heterogeneity, I2 > 50%), indirectness (characteristics limiting the generalizability of the
findings), imprecision (the 95% CI for effect estimates crosses for an essential difference of 5%
from the line of unity), and publication bias (small trial effects causing significant evidence).

3. Results and Discussion
3.1. Literature Search

According to the defined search algorithm (presented in Sections 2.1–2.3), a total of
97 articles (Figure 1) were identified. After review of the titles, abstracts, and full texts,
92 articles were excluded. Finally, 5 articles, involving 1168 patients, were eligible for the
meta-analysis.

3.2. Characteristics of Included Studies

The included studies of the present meta-analysis were published between 2015 and
2021. The summary of major key characteristics of all included trials is provided in Table 1.
For further information on included studies, see Table 1. The excluded randomized anti-
inflammatory studies are summarized in Supplementary Table S1.
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Table 1. Major characteristics of anti-inflammatory studies included in the present meta-analysis.

Name Year Treatments and
Dosage

Sample
Size (n)

Intervention
(n)

Control
(n) Reported Outcome

Country &
Number of

Centers

Ng et al. [28] 2021 Prednisone
1 mg/kg/d 155 78 77 Markwalder grading

score (MGS) at 12 months
France

(Multicentric)

Hutchinson et al. [29] 2020 Dexamethasone
8 mg 2× daily 748 375 373 Modified Rankin scale

(mRS) at 6 months

United
Kingdom

(Multicentric)

Mebberson et al. [30] 2019 Dexamethasone
128 mg/2 weeks 47 24 22 Modified Rankin scale

(mRS) at 6 months
Australia

(Monocentric)

Jiang et al. [31] 2018
Atorvastatin

20 mg/day for
8 weeks

196 98 98 Markwalder grading
score (MGS) at 12 months

China
(Multicentric)

Prud´homme et al. [32] 2016
Dexamethasone
12 mg/day for

3 weeks
20 10 10 Mortality at 6 months Canada

(Monocentric)
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The subjects of each individual study were treated for cSDH and were randomized
into either anti-inflammatory therapy or placebo therapy. Two studies investigated pri-
marily conservatively treated patients [31,32], one study investigated both surgically or
conservatively treated patients [29], and two studies reported only patients who underwent
surgical treatment [28,30]. As far as clinical endpoints are concerned, one study reported
only on mortality without further data on neurological outcome [32]. Four studies reported
on neurological outcome, using the Markwalder grading score (MGS) or the modified
Rankin scale [28–31]. All studies reported on the rates of secondary surgery for recur-
rence in primarily surgically treated patients or because of switch of therapy in primarily
conservatively treated patients.

The duration of drug treatment varied from 14 to 56 days among the included trials.
Further anti-inflammatory prospective studies in cSDH [33–42], which did not fulfill our
inclusion criteria, due to having a single-blinded study design, unknown blinding method
or the absence of placebo-controlled arms, are summarized in Supplementary Table S1.

3.3. Risk of Bias Quality Assessment

All included trials described their methods of randomization and the corresponding
allocation system. Double-blinded personnel and patients were present in all trials. Two
trials might have an attrition bias. Prespecified outcome was reported in all trials. Overall, no
prospective, randomized, double-blind, and placebo-controlled trial showed characteristics
indicating a high risk of bias. The frequency of the individual bias of each trial and the overall
bias assessment are summarized in Figure 2. The quality assessment protocol detailing the
risk of bias and author judgment for each study is given in Supplementary Table S2.
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Figure 2. (A) Risk of bias assessment for each kind of bias. (B) Summary of risk of bias of the
included randomized controlled trials (reviewers’ judgments about each risk of bias characteristic of
the included trials: “+” constitutes low risk; “?” constitutes unclear risk).

3.4. Impact of Anti-Inflammatory Therapy on Patients with cSDH
3.4.1. Mortality

All included studies reported data on mortality. One thousand and eighty-two
patients were randomized into either the anti-inflammatory arm or the placebo arm
(542 vs. 540). Forty-two patients in the anti-inflammatory arm became deceased (7.7%),
whereas 24 patients became deceased in the placebo arm (4.4%). The period of mortality
evaluation ranged from 6 to 12 months after the diagnosis of a cSDH. Figure 3 shows the
overall odds ratio (OR) (OR: 1.79; 95% CI: 1.06–3.00) for mortality in the pooled analysis (p
= 0.03). No significant heterogeneity was present (I2 = 0%, p = 0.88).
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3.4.2. Neurological Outcome

Four of five included studies reported data on neurological outcome. One thousand
and forty-five patients were randomized into either the anti-inflammatory arm or the
placebo arm (524 vs. 521). Four hundred and one patients in the anti-inflammatory arm
showed a favorable neurological outcome (76.5%) compared to 406 patients in the placebo
arm (77.9%). The period of outcome evaluation ranged from 2 to 72 months after the
diagnosis. Figure 4 shows the overall odds ratio (OR: 1.12; 95% CI: 0.63–2.00) for favor-
able outcome in the pooled analysis (p = 0.71). No significant heterogeneity was present
(I2 = 23%, p = 0.71).
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Figure 4. Forest Plots displaying OR and 95% CI estimates for favorable neurological outcome in
studies [28–31] evaluating anti-inflammatory therapies compared to placebo in cSDH patients treated
surgically or conservatively. Squares represent the odds ratio; the bigger the square, the greater the
weight given because of the narrower 95% CI. Diamond represents the odds ratio of the overall data.

3.4.3. Secondary Surgery for Recurrent cSDH

All included studies reported data on the necessity for secondary surgery for either
recurrence in primarily surgically treated patients or because of switch of therapy in
primarily conservatively treated patients.

One thousand one hundred and seventeen patients were randomized into either the
anti-inflammatory arm or the placebo arm (558 vs. 559). Twenty-two patients in the anti-
inflammatory arm needed secondary surgery (3.9%), and 24 patients underwent secondary
surgery in the placebo arm (10.9%), respectively. Figure 5 shows the overall odds ratio
(OR: 0.35; 95% CI: 0.21–0.58) for the need for secondary surgery in the pooled analysis
(p = 0.0001). No significant heterogeneity was present (I2 = 0%, p = 0.48).
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3.5. Impact of Anti-Inflammatory Therapy on Patients with cSDH Undergoing Primary Surgical
Hematoma Evacuation
3.5.1. Mortality

Three of five included studies reported data on mortality in patients undergoing
primary surgical hematoma evacuation. Eight hundred and sixty-six patients were random-
ized into either the anti-inflammatory arm or the placebo arm (434 vs. 432). Thirty-nine
patients in the anti-inflammatory arm became deceased (8.9%), whereas 23 patients in
the placebo arm (5.3%) became deceased. Figure 6 shows the overall odds ratio (OR:
1.76; 95% CI: 1.03–3.01) for mortality in the pooled analysis (p = 0.04). No significant
heterogeneity was present (I2 = 0%, p = 0.82). As far as the primarily surgically treated
patients were concerned, all studies showed a superiority of placebo use, compared to use
of anti-inflammatory agents, regarding mortality.
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Figure 6. Forest Plots displaying OR and 95% CI estimates for mortality in studies [28–30] evaluating
anti-inflammatory therapies compared to placebo in patients who underwent surgical treatment of
cSDH. Squares represent the odds ratio; the bigger the square, the greater the weight given because
of the narrower 95% CI. Diamond represents the odds ratio of the overall data.

3.5.2. Outcome

Three of five included studies reported data on outcome in patients undergoing
primary surgical hematoma evacuation. Eight hundred and forty-nine patients were ran-
domized into either the anti-inflammatory arm or the placebo arm (426 vs. 423). Three
hundred and six patients in the anti-inflammatory arm showed good outcome (71.8%),
whereas 315 patients in the placebo arm (74.5%) had a favorable outcome. Supplemen-
tary Figure S2 shows the overall odds ratio (OR: 0.86; 95% CI: 0.63–1.17) for neurologi-
cal outcome in the pooled analysis (p = 0.33). No significant heterogeneity was present
(I2 = 0%, p = 0.40).

3.5.3. Secondary Surgery for Recurrent cSDH

Three of five included studies reported data regarding the need for secondary surgery
in patients undergoing primary surgical hematoma evacuation. Nine hundred and one
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patients were randomized into either the anti-inflammatory arm or the placebo arm
(450 vs. 451). Ten patients in the anti-inflammatory arm needed secondary surgery (2.2%),
and thirty-five patients in the placebo arm (7.7%) underwent secondary surgery, respec-
tively. Figure 7 shows the overall odds ratio (OR: 0.31; 95% CI: 0.11–0.89) for recurrence in
the pooled analysis (p = 0.03). No significant heterogeneity was present (I2 = 36%, p = 0.21).
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3.6. Impact of Anti-Inflammatory Therapy on Patients with cSDH and Primary Conservative Treatment
3.6.1. Mortality

Two of five included studies reported data on mortality in patients who were treated
primarily conservatively. Two hundred and sixteen patients were randomized into either
the anti-inflammatory arm or the placebo arm (108 vs. 108). Three patients in the anti-
inflammatory arm became deceased (2.7%), whereas one patient became deceased in the
placebo arm (0.9%). Figure 8 shows the overall odds ratio (OR: 2.45; 95% CI: 0.35–17.15)
for outcome in the pooled analysis (p = 0.37). No significant heterogeneity was present
(I2 = 0%, p = 0.39).

Int. J. Mol. Sci. 2022, 23, x FOR PEER REVIEW 9 of 18 

 

 

 

Figure 8. Forest Plots displaying OR and 95% CI estimates for mortality in studies [31,32] evaluating 

anti-inflammatory therapies compared to placebo in patients with cSDH treated conservatively. 

Squares represent the odds ratio; the bigger the square, the greater the weight given because of the 

narrower 95% CI. Diamond represents the odds ratio of the overall data. 

3.6.2. Outcome 

One of five included studies reported data on outcome in conservatively treated 

cSDH patients. One hundred and ninety-six patients were randomized into either the anti-

inflammatory arm or the placebo arms (98 vs. 98). Ninety-five patients in the anti-

inflammatory arm showed a favorable neurological outcome (96.9%), and 91 patients in 

the placebo arm (92.8%) had a favorable neurological outcome, respectively. 

Supplementary Figure S3 shows the overall odds ratio (OR: 2.44; 95% CI: 0.61–9.71) for 

outcome in the pooled analysis (p = 0.21). Analysis of heterogeneity was not applicable 

due to the scarcity of reports. 

3.6.3. Secondary Surgery 

Two of five included studies reported data regarding the need for secondary surgery 

in patients who were primarily conservatively treated. Two hundred and sixteen patients 

were randomized into either the anti-inflammatory arm or the placebo arms (108 vs. 108). 

Twelve patients in the anti-inflammatory arm needed secondary surgery (11.1%), whereas 

26 patients in the placebo arm (24.0%) underwent secondary surgery. Figure 9 shows the 

overall odds ratio (OR: 0.40; 95% CI: 0.19–0.83) for the need of secondary surgery in the 

pooled analysis (p = 0.01). No significant heterogeneity was present (I2 = 0%, p = 0.73). 

 

Figure 9. Forest Plots displaying OR and 95% CI estimates for the need of secondary surgery in 

studies [31,32] evaluating anti-inflammatory therapies compared to placebo in patients who 

underwent conservative treatment of cSDH. Squares represent the odds ratio; the bigger the square, 

the greater the weight given because of the narrower 95% CI. Diamond represents the odds ratio of 

the overall data. 

3.7. Impact of Corticosteroids on Patients with cSDH 

3.7.1. Mortality 

Four of five included studies reported data on the mortality of patients treated with 

corticosteroids. Eight hundred and eighty-six patients were randomized into either the 

anti-inflammatory arm or the placebo arm (444 vs. 442). Forty-one patients in the anti-

inflammatory arm became deceased (9.2%), and 23 patients in the placebo arm (5.2%) 

became deceased, respectively. Figure 10 shows the overall odds ratio (OR: 1.83; 95% CI: 

Figure 8. Forest Plots displaying OR and 95% CI estimates for mortality in studies [31,32] evaluating
anti-inflammatory therapies compared to placebo in patients with cSDH treated conservatively.
Squares represent the odds ratio; the bigger the square, the greater the weight given because of the
narrower 95% CI. Diamond represents the odds ratio of the overall data.

3.6.2. Outcome

One of five included studies reported data on outcome in conservatively treated
cSDH patients. One hundred and ninety-six patients were randomized into either the
anti-inflammatory arm or the placebo arms (98 vs. 98). Ninety-five patients in the anti-
inflammatory arm showed a favorable neurological outcome (96.9%), and 91 patients in the
placebo arm (92.8%) had a favorable neurological outcome, respectively. Supplementary
Figure S3 shows the overall odds ratio (OR: 2.44; 95% CI: 0.61–9.71) for outcome in the
pooled analysis (p = 0.21). Analysis of heterogeneity was not applicable due to the scarcity
of reports.



Int. J. Mol. Sci. 2022, 23, 16198 9 of 17

3.6.3. Secondary Surgery

Two of five included studies reported data regarding the need for secondary surgery
in patients who were primarily conservatively treated. Two hundred and sixteen patients
were randomized into either the anti-inflammatory arm or the placebo arms (108 vs. 108).
Twelve patients in the anti-inflammatory arm needed secondary surgery (11.1%), whereas
26 patients in the placebo arm (24.0%) underwent secondary surgery. Figure 9 shows the
overall odds ratio (OR: 0.40; 95% CI: 0.19–0.83) for the need of secondary surgery in the
pooled analysis (p = 0.01). No significant heterogeneity was present (I2 = 0%, p = 0.73).
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Figure 9. Forest Plots displaying OR and 95% CI estimates for the need of secondary surgery
in studies [31,32] evaluating anti-inflammatory therapies compared to placebo in patients who
underwent conservative treatment of cSDH. Squares represent the odds ratio; the bigger the square,
the greater the weight given because of the narrower 95% CI. Diamond represents the odds ratio of
the overall data.

3.7. Impact of Corticosteroids on Patients with cSDH
3.7.1. Mortality

Four of five included studies reported data on the mortality of patients treated with
corticosteroids. Eight hundred and eighty-six patients were randomized into either the
anti-inflammatory arm or the placebo arm (444 vs. 442). Forty-one patients in the anti-
inflammatory arm became deceased (9.2%), and 23 patients in the placebo arm (5.2%)
became deceased, respectively. Figure 10 shows the overall odds ratio (OR: 1.83; 95% CI:
1.08–3.09) for mortality in the pooled analysis (p = 0.03). No significant heterogeneity was
present (I2 = 0%, p = 0.80).
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3.7.2. Secondary Surgery

Four of five included studies reported data on secondary surgery in patients treated
with corticosteroids. Nine hundred and twenty-one patients were randomized into either
the anti-inflammatory arm or the placebo arm (480 vs. 461). Eleven patients in the anti-
inflammatory arm needed secondary surgery (2.3%), whereas 38 patients underwent
secondary surgery in the placebo arm (8.2%). Figure 11 shows the overall odds ratio (OR:
0.30; 95% CI: 0.14–0.63) for secondary surgery rate in the pooled analysis (p = 0.002). No
significant heterogeneity was present (I2 = 5%, p = 0.37).
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or recurrence in studies [28–30,32] evaluating anti-inflammatory therapies compared to placebo in
patients with cSDH. Squares represent the odds ratio; the bigger the square, the greater the weight
given because of the narrower 95% CI. Diamond represents the odds ratio of the overall data.

3.8. High-Dose vs. Low Dose Corticosteroids—Mortality
3.8.1. Low Dose Corticosteroids

Two of five included studies reported data on the outcome in patients treated with
low-dose corticosteroids. Seven hundred and twenty-six patients were randomized into
either the low-dose corticosteroids arm or the placebo arm (363 vs. 363). Thirty-four
patients in the low-dose corticosteroid arm became deceased (9.3%), and 19 patients in the
placebo arm (5.2%) became deceased, respectively. Figure 12 shows the overall odds ratio
(OR: 1.88; 95% CI: 1.05–3.37) for mortality in the pooled analysis (p = 0.03). No significant
heterogeneity was present (I2 = 0%, p = 0.77).
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Figure 12. Forest Plots displaying OR and 95% CI estimates for mortality in studies [29,30] evaluating
the use of low-dose corticosteroids compared to placebo in patients with cSDH. Squares represent
the odds ratio; the bigger the square, the greater the weight given because of the narrower 95% CI.
Diamond represents the odds ratio of the overall data.

3.8.2. High Dose Corticosteroids

Two of five included studies reported data on the outcome in patients treated with
high-dose corticosteroids. One hundred and sixty patients were randomized into either the
high-dose corticosteroids arm or the placebo arm (81 vs. 79). Seven patients in the high-dose
corticosteroid arm became deceased (8.6%), whereas 4 patients in the placebo arm (5.0%)
became deceased. Figure 13 shows the overall odds ratio (1.69; 95% CI: 0.51–5.65) for mortality
in the pooled analysis (p = 0.39). No significant heterogeneity was present (I2 = 0%, p = 0.36).
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Figure 13. Forest Plots displaying OR and 95% CI estimates for mortality in studies [28,32] evaluating
the use of high-dose corticosteroids compared to placebo in patients with cSDH. Squares represent
the odds ratio; the bigger the square, the greater the weight given because of the narrower 95% CI.
Diamond represents the odds ratio of the overall data.
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3.9. Publication Bias

To achieve an acceptable reliability, we took the following three steps to investigate
any publication bias: first, the applied literature search strategy was extensive; second, the
selected trials in this meta-analysis were strictly in line with the inclusion and exclusion
criteria; and finally, third, the publication bias was evaluated by funnel plots (Figure 14)
and statistical tests regarding the endpoints (Mortality and recurrence and neurological
outcome). The data points were all located inside the inverted funnel, indicating a small
publication bias regarding the analysis of the mentioned endpoints.
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Figure 14. Funnel plots for the following endpoints of the present meta-analysis [28–32]: Mortality
(A), Recurrence (B), Neurological outcome (C). The midline of the studies indicates no publication
bias of studies comparing anti-inflammatory therapies with conventional therapy.

Subsequently, both Eggar’s and Begg’s tests were performed to rule out a publication
bias for all three major outcomes. As far as mortality was concerned, Eggar’s test showed
no statistically significant publication bias (p = 0.82, intercept = 0.11, 95% CI −1.39–1.61),
and Begg’s test showed a Kendall’s tau of 0.40 (p = 0.32). Furthermore, Eggar’s test
showed no significant publication bias with regard to the endpoint “recurrence” (p = 0.59,
intercept = −0.63, 95% CI −3.95–2.69) and Begg’s test revealed a Kendall’s tau of
0.20 (p = 0.62). As far as neurological outcome was concerned, Eggar’s test revealed no
significant publication bias (p = 0.99. intercept = −0.005, 95% CI −5.88–5.87), and Begg’s
test showed a Kendall’s Tau of 0.00 (p = 0.99).

3.10. Grading of the Evidence

The certainty of evidence was evaluated as high for all endpoints in the general
population, conservatively treated patients, surgically treated patients, and those who
underwent corticosteroid treatment. The characteristics and the individual judgments are
summarized in Supplementary Tables S3–S6.

3.11. Discussion

In the present meta-analysis, we summarized the evidence from randomized, double-
blind, and placebo-controlled trials of anti-inflammatory drug therapy versus placebo for
cSDHs. The results of the present meta-analysis were based on the analysis of the following
investigational medicinal products (IMP): dexamethasone, prednisone, and atorvastatin.
We included five trials that had fulfilled the applied inclusion criteria, with a total number
of 1168 patients.

Our results can be summarized as follows: (1) Anti-inflammatory therapy seems to
be associated with increased mortality in surgically treated cSDH patients, whereas it was
not found to be associated with increased risk of death in conservatively treated cSDH
patients; (2) Anti-inflammatory drug treatment seems to reduce the risk of recurrence,
or the probability of a switch to surgical treatment, if it is administered as an adjuvant
treatment to surgery or in the case of a conservative regimen; (3) Neurological outcome
was not significantly influenced by anti-inflammatory therapy in either surgically treated
or conservatively treated cSDH patients; (4) Corticosteroid therapy significantly reduced
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the recurrence of surgically treated cSDHs, whereas the mortality was paradoxically only
associated with the administration of a cumulative low-dose corticosteroid regimen and
not the administration of a high cumulative dosage of corticosteroids.

To date, surgical hematoma evacuation via burrhole craniostomy or craniotomy are
still the treatment of choice for cSDH patients. However, surgical hematoma removal is
still associated with a high rate (10–25%) of secondary surgery for recurrent cSDH [43–45].
Furthermore, conservatively treated cSDH patients without neurological deficits necessitating
surgery are also at risk of cSDH progression. Therefore, anti-inflammatory therapy might be
an option to reduce the risk of cSDH progression necessitating a switch to surgical therapy.

Inflammatory response is a known mechanism facilitating the building of the external
membrane in cSDH and is suggested to be a source of cSDH growth [8]. Hence, the attenu-
ation of inflammatory reactions and neoangiogenesis might be novel avenues to enhance
cSDH resorption. Inhibition of the 3-hydroxy-3-methylglutarzyl-coenzyme A reductase by
atorvastatin was found to reduce the cSDH volume [46]. Statins can induce angiogenesis
and increase the amount of peripheral blood endothelial progenitor cells by activating the
Akt pathway, Notchl pathway, and endothelial nitric oxide synthase [47–51]. The number
of endothelial progenitor cells is significantly lower in cSDH patients compared to healthy
people, and the level of endothelial progenitor cells is also significantly lower in cSDH
patients with recurrence compared to those without a recurrent cSDH [50]. Endothelial pro-
genitor cells are essential for the repair of damaged vascular endothelium [51]. Atorvastatin
has an anti-inflammatory function in its the mobilization of endothelial progenitor cells to
repair vascular damage [52]. Furthermore, atorvastatin inhibits inflammatory angiogenesis
through down regulation of VEGF, TNF-alpha and TGF-beta1 [52]. Li et al. [53] microscopi-
cally examined SDHs in rats and found that atorvastatin treatment significantly reduced
the neutrophil counts in the neomembranes. A recent meta-analysis of 6 (prospective
and retrospective) cSDH studies found that atorvastatin could improve both the rate of
recurrence and neurological functioning [49].

As far as the progression of cSDH volume is concerned, the results of this meta-analysis
were in line with our results. However, we included only one prospective, randomized,
double-blind, and placebo-controlled trial by Jiang et al. [24], investigating atorvastatin
in conservatively treated cSDH patients. The rate of cSDH progression with the need of
a switch to surgery was significantly lower in those patients allocated to the atorvastatin
arm, compared to the placebo group. However, we could not confirm the improvement of
neurological functioning by atorvastatin treatment. Nevertheless, it has to be remembered
that our result with regard to atorvastatin was based on only one study investigating
conservatively treated patients, who are generally predominantly asymptomatic patients.
Several studies suggested that atorvastatin might be a potential alternative to surgical
evacuation in patients with no, or mild, symptoms [54–56]. Future trials investigating
atorvastatin should focus on its role as an adjuvant therapy for those who underwent
surgery, and more trials are needed to elucidate the impact of atorvastatin on neurological
functioning in conservatively treated patients.

Injury to the dural border cells induces a release of inflammatory cytokines, which
enhances the recruitment of macrophages, formation of granulation tissue, and vascular
repair mechanisms (see Supplementary Figure S4). Afterwards, novel thin capillaries are
formed, and they are prone to continuous microhemorrhages, due to their high perme-
ation [8,33]. Corticosteroids, as anti-inflammatory and anti-angiogenic therapy, might
reduce the rate of recurrence and progression of cSDH [57]. Synthetic corticosteroids, such
as dexamethasone, can inhibit the recruitment of macrophages, phagocytosis, and secretion
of inflammatory cytokines. Furthermore, it has been demonstrated that dexamethasone
significantly reduced the size and weight of blood clots in the fluid collection of cSDH, due
to its anti-inflammatory properties attenuating the formation of the external membrane [57].
Our findings suggested that corticosteroids could reduce both the rate of recurrence in
surgically treated patients as well as the rate of switch to surgery in conservatively treated
cSDH patients. This finding, regarding the reduction of recurrence, was in line with two
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other meta-analyses [58,59]. Anti-inflammatory drug therapy resulted in an increased mor-
tality in surgically treated patients. However, this effect of anti-inflammatory drug therapy
could not be found in the analysis of only conservatively treated patients. Furthermore, the
effect of an increased mortality rate in cSDH patients treated by corticosteroids was para-
doxically found to be based on the effect of a low cumulative dosage corticosteroid regimen.
However, this comparison, regarding the cumulative dosage, should be interpreted with
caution because in low-dose studies by Hutchinson et al. [22] and Mebberson et al. [23] the
patients were predominantly treated by surgery with the exception of 38 patients in the
trial by Hutchinson et al. [22]. Conversely, in our comparison of high-dosage corticosteroid
studies, compared to their placebo arm, significantly more patients underwent a conserva-
tive regimen. However, the high-dose application of corticosteroids, as well as atorvastatin
therapy, resulted in no significant increased mortality. The use of dexamethasone or corti-
costeroids in cSDH patients is highly debated because of their potentially severe side effects
which could outrank the advantages regarding the attenuation of cSDH growth. A network
meta-analysis found that dexamethasone increased the risk of all-cause mortality of cSDH
with a relative risk of 1.96 [60]. However, our results indicated the need for a further trial
investigating the effect of high-dose corticosteroid therapy in conservatively treated cSDH
patients. Interestingly, a randomized trial comparing the combination of low-dose dexam-
ethasone with atorvastatin found a more significant reduction of the hematoma volume
in conservatively treated patients by the combination schedule (low-dose dexamethasone
with atorvastatin) compared to atorvastatin alone [61]. A further explorative study using
mass spectrometry of the hematoma fluid and macrophages culture revealed that dex-
amethasone in combination with atorvastatin increased the levels of atorvastatin in the
hematoma and induced the transition from the M1 (pro-inflammatory) macrophage pheno-
type towards the M2 (anti-inflammatory) macrophage phenotype [62]. Hence, the drugs
could have synergistic functioning and dexamethasone combined with atorvastatin could
facilitate anti-inflammatory functions, which induce vascular repair in order to reduce the
risk of continuous micro-bleeding into the hematoma collection. However, this potential
combination therapy for conservatively treated patients necessitates further validation by
means of a phase III with a double-blind and placebo-controlled design.

According to the results, mild/asymptomatic patients with cSDH treated conserva-
tively seemed to be a subgroup potentially profiting from optimally administered drugs
or a combination of drugs. Particularly elderly patients with clinically relevant cerebral
atrophy might tolerate a higher volume of the hematoma and remain asymptomatic. In
such patients, an omittance of surgical hematoma evacuation might spare potentially fatal
complications of the surgery [63,64] and enhance the neurological outcome [65], if clinically
tenable. However, due to the non-standardized treatment algorithm, patients undergoing
conservative therapy might not reach the neurosurgical specialist, due to outpatient setting,
and remain underrepresented, even in prospective neurosurgical trials. Conservatively
treated patients might represent a suitable cohort for further investigation.

Limitations

This meta-analysis demonstrated a potential field for anti-inflammatory drug therapy
in conservatively treated cSDH patients with regard to the reduction of the switch to surgery
while, simultaneously, not influencing mortality. The present meta-analysis applied high-
selective inclusion criteria by investigating prospective, randomized, double-blind, and
placebo-controlled trials only. Hence, the most important advantage of the present meta-
analysis is the summary of all eligible studies fulfilling this low-risk of bias criteria to draw
conclusions regarding the effectiveness of anti-inflammatory therapies in cSDH patients.
However, the conclusions were limited by the fact that individual trials investigated anti-
inflammatory drug therapy in both surgical and conservatively treated cSDH patients.
Furthermore, the results of the present meta-analysis were based on only five prospective
randomized, placebo-controlled and double-blinded trials. Hence, there were still not
enough level 1 randomized, placebo-controlled, and double-blinded studies on statins
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in either surgically or conservatively treated cSDH patients. Despite the high number of
patients cumulatively included in the analysis of each outcome, the main limitation of this
study was the scarcity of the RCTs performed on patients suffering cSDH. Furthermore,
the eligible studies differed in the observational period and outcome measures reported,
which was the main limitation in the “neurological outcome” analysis. Furthermore, we
did not investigate adverse drug reactions of the anti-inflammatory drug therapies, which
might also have clinical implications for further trials.

4. Conclusions

Anti-inflammatory drug therapy significantly reduced the recurrence and growth
of cSDH in surgically and conservatively treated cSDH patients. Corticosteroid therapy
significantly increased mortality in surgically treated patients, whereas anti-inflammatory
therapy (atorvastatin or corticosteroid) therapy did not increase mortality in conservatively
treated cSDH patients. Neurological outcome was not influenced by anti-inflammatory
therapy in surgically or conservatively treated cSDH patients. Further multi-centric, ran-
domized, double-blind and placebo-controlled trials are needed to establish sufficient
evidence regarding anti-inflammatory mono-therapies and combination therapies with the
main focus being on the promising subgroups.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/ijms232416198/s1. References [28–42] are cited in the supplementary materials.

Author Contributions: Conceptualization M.V. and J.W.; methodology M.V. and J.W.; data curation
M.V. and J.W. writing—original draft preparation M.V. and J.W. writing—review and editing E.G.,
M.V. and J.W.; visualization M.V. and J.W.; supervision J.W. and E.G. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and no approval was necessary in the case of the meta-analysis.

Informed Consent Statement: Written informed consent was not needed due to the retrospective design.
The local ethics committee waived patient informed consent for this retrospective observational study.

Data Availability Statement: All data were inncluded in this manuscript.

Acknowledgments: The graphical abstract of this manuscript was created using BioRender.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Stubbs, D.J.; Vivian, M.E.; Davies, B.M.; Ercole, A.; Burnstein, R.; Joannides, A.J. Incidence of chronic subdural haematoma: A

single-centre exploration of the effects of an ageing population with a review of the literature. Acta Neurochir. 2021, 163, 2629–2637.
[CrossRef] [PubMed]

2. Lee, J.Y.; Ebel, H.; Ernestus, R.I.; Klug, N. Various surgical treatments of chronic subdural hematoma and outcome in 172 patients:
Is membranectomy necessary? Surg. Neurol. 2004, 61, 523–528. [CrossRef]

3. Santarius, T.; Kirkpatrick, P.J.; Ganesan, D.; Chia, H.L.; Jalloh, I.; Smielewski, P.; Richards, H.K.; Marcus, H.; Parker, R.A.; Price,
S.J.; et al. Use of drains versus no drains after burr-hole evacuation of chronic subdural haematoma: A randomized controlled
trial. Lancet 2009, 374, 1067–1073. [CrossRef] [PubMed]

4. Güresir, A.; Coch, C.; Heine, A.; Mass, E.; Lampmann, T.; Vatter, H.; Velten, M.; Schmitz, M.T.; Güresir, E.; Wach, J. Red Blood
Cell Distribution Width to Platelet Count Ratio Facilitates Preoperative Prediction of Recurrence in Surgically Treated Chronic
Subdural Hematoma. Front. Neurol. 2022, 13, 884231. [PubMed]

5. Schucht, P.; Fischer, U.; Fung, C.; Bernasconi, C.; Fichtner, J.; Vulcu, S.; Schöni, D.; Nowacki, A.; Wanderer, S.; Eisenring, C.; et al.
Follow-up Computed Tomography after Evacuation of Chronic Subdural Hematoma. N. Engl. J. Med. 2019, 380, 1186–1187.
[CrossRef] [PubMed]

6. Rocchi, G.; Caroli, E.; Salvati, M.; Delfini, R. Membranectomy in organized chronic subdural hematomas: Indications and
technical notes. Surg. Neurol. 2007, 67, 374–380. [CrossRef] [PubMed]

7. Markwalder, T.M. Chronic subdural haematoma: A review. J. Neurosurg. 1981, 54, 637–645. [CrossRef]

https://www.mdpi.com/article/10.3390/ijms232416198/s1
https://www.mdpi.com/article/10.3390/ijms232416198/s1
http://doi.org/10.1007/s00701-021-04879-z
http://www.ncbi.nlm.nih.gov/pubmed/34181085
http://doi.org/10.1016/j.surneu.2003.10.026
http://doi.org/10.1016/S0140-6736(09)61115-6
http://www.ncbi.nlm.nih.gov/pubmed/19782872
http://www.ncbi.nlm.nih.gov/pubmed/35645986
http://doi.org/10.1056/NEJMc1812507
http://www.ncbi.nlm.nih.gov/pubmed/30893542
http://doi.org/10.1016/j.surneu.2006.08.066
http://www.ncbi.nlm.nih.gov/pubmed/17350406
http://doi.org/10.3171/jns.1981.54.5.0637


Int. J. Mol. Sci. 2022, 23, 16198 15 of 17

8. Edlmann, E.; Giorgi-Coll, S.; Whitfield, P.C.; Carpenter, K.L.H.; Hutchinson, P.J. Pathophysiology of chronic subdural hematoma:
Inflammation. angiogenesis and implications for pharmacotherapy. J. Neuroinflam. 2017, 14, 108. [CrossRef]

9. Shono, T.; Inamura, T.; Morioka, T. Vascular endothelial growth factor in chronic subdural haematomas. J. Clin. Neurosci. 2001, 8,
411–415. [CrossRef]

10. Nanko, N.; Tanikawa, M.; Mase, M.; Fujita, M.; Tateyama, H.; Miyati, T.; Yamada, K. Involvement of hypoxia-inducible factor-
1alpha and vascular endothelial growth factor in the mechanism of development of chronic subdural hematoma. Neurol. Med.
Chir. 2009, 49, 379–385. [CrossRef]

11. Hohenstein, A.; Erber, R.; Schilling, L.; Weigel, R. Increased mRNA expression of VEGF within the hematoma and imbalance
of angiopoietin-1 and-2 mRNA within the neomembranes of chronic subdural hematoma. J. Neurotrauma 2005, 22, 518–528.
[CrossRef]

12. Hong, H.J.; Kim, Y.J.; Yi, H.J.; Ko, Y.; Oh, S.J.; Kim, J.M. Role of angiogenetic growth factors and inflammatory cytokine on
recurrence of chronic subdural hematoma. Surg. Neurol. 2009, 71, 161–165. [CrossRef]

13. Dietrich, J.; Rao, K.; Pastorino, S.; Kesari, S. Corticosteroids in brain cancer patients: Benefits and pitfalls. Expert. Rev. Clin.
Pharmacol. 2011, 4, 233–242. [CrossRef] [PubMed]

14. Barnes, P.J. Anti-inflammatory actions of glucocorticoids: Molecular mechanisms. Clin. Sci. 1998, 94, 557–572. [CrossRef]
[PubMed]

15. Dinarello, C.A. Anti-inflammatory agents: Present and future. Cell 2010, 140, 935–950. [CrossRef] [PubMed]
16. Coutinho, A.E.; Chapman, K.E. The anti-inflammatory and immunosuppressive effects of glucocorticoids, recent developments

and mechanistics insights. Mol. Cell Endocrinol. 2011, 335, 2–13. [CrossRef]
17. Quan, W.; Zhang, Z.; Li, P.; Tian, Q.; Huang, J.; Qian, Y.; Gao, C.; Su, W.; Wang, Z.; Zhang, J.; et al. Role of regulatroy T cells in

atorvastatin induced absorption of chronic subdural hematoma in rats. Aging Dis. 2019, 10, 992–1002. [CrossRef]
18. Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.;

Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. Syst. Rev. 2021, 10,
1–11. [CrossRef]

19. Higgins, J.P.T.; Thomas, J.; Chandler, J.; Cumpston, M.; Li, T.; Page, M.J.; Welch, V.A. (Eds.) Cochrane Handbook for Systematic
Reviews of Interventions Version 6.3 (Updated February 2022): Cochrane. 2022. Available online: https://training.cochrane.org/
handbook/current (accessed on 31 August 2022).

20. Schardt, C.; Adams, M.B.; Owens, T.; Keitz, S.; Fontelo, P. Utilization of the PICO framework to improve searching PubMed for
clinical questions. BMC Med. Inform. Decis. Mak. 2007, 7, 16. [CrossRef]

21. Lampmann, T.; Hadjiathanasiou, A.; Asoglu, H.; Wach, J.; Kern, T.; Vatter, H.; Güresir, E. Early Serum Creatinine Levels after
Aneurysmal Subarachnoid Hemorrhage Predict Functional Neurological Outcome after 6 Months. J. Clin. Med. 2022, 11, 4753.
[CrossRef]

22. Kim, H.C.; Ko, J.H.; Yoo, D.S.; Lee, S.K. Spontaneous Resolution of Chronic Subdural Hematoma: Close Observation as a
Treatment Strategy. J. Korean Neurosurg. Soc. 2016, 59, 628–636. [CrossRef] [PubMed]

23. Egger, M.; Davey Smith, G.; Schneider, M.; Minder, C. Bias in meta-analysis detected by a simple graphical test. BMJ 1997, 315,
629–634. [CrossRef] [PubMed]

24. Begg, C.B.; Mazumdar, M. Operating characteristics of a rank correlation test for publication bias. Biometrics 1994, 50, 1088–1101.
[CrossRef] [PubMed]

25. Balshem, H.; Helfand, M.; Schünemann, H.J.; Oxman, A.D.; Kunz, R.; Brozek, J.; Vist, G.E.; Falck-Ytter, Y.; Meerpohl, J.; Norris, S.;
et al. GRADE guidelines: 3. Rating the quality of evidence. J. Clin. Epidemiol. 2011, 64, 401–406. [CrossRef]

26. Schünemann, H.; Brozek, J.; Guyatt, G.; Oxman, A. (Eds.) GRADE Handbook for Grading Quality of Evidence and Strength of
Recommendations (Updated October 2013): The GRADE Working Group. 2013. Available online: https://gdt.gradepro.org/
app/handbook/handbook.html (accessed on 31 August 2022).

27. Wells, G.A.; Shea, B.; O´Connell, D.; Petersen, J.; Welch, V.; Losos, M.; Tugwell, P. The Newcastle-Ottawa Scale (NOS) for Assessing
the Quality of Nonrandomized Studies in Meta-Analyses; Ottawa Hospital Research Institute: Ottawa, ON, Canada, 2000. Available
online: https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp (accessed on 1 September 2022).

28. Ng, S.; Boetto, J.; Huguet, H.; Roche, P.H.; Fuentes, S.; Lonjon, M.; Litrico, S.; Barbanel, A.M.; Sabatier, P.; Bauchet, L.; et al.
HEMACORT Study Group. Corticosteroids as an Adjuvant Treatment to Surgery in Chronic Subdural Hematomas: A Multi-
Center Double-Blind Randomized Placebo-Controlled Trial. J. Neurotrauma 2021, 38, 1484–1494. [CrossRef]

29. Hutchinson, P.J.; Edlmann, E.; Bulters, D.; Zolnourian, A.; Holton, P.; Suttner, N.; Agyemang, K.; Thomson, S.; Anderson,
I.A.; Al-Tamimi, Y.Z.; et al. British Neurosurgical Trainee Research Collaborative; Dex-CSDH Trial Collaborators. Trial of
Dexamethasone for Chronic Subdural Hematoma. N. Engl. J. Med. 2020, 383, 2616–2627. [CrossRef]

30. Mebberson, K.; Colditz, M.; Marshman, L.A.G.; Thomas, P.A.W.; Mitchell, P.S.; Robertson, K. Prospective randomized placebo-
controlled double-blind clinical study of adjuvant dexamethasone with surgery for chronic subdural haematoma with post-
operative subdural drainage: Interim analysis. J. Clin. Neurosci. 2020, 71, 153–157. [CrossRef]

31. Jiang, R.; Zhao, S.; Wang, R.; Feng, H.; Zhang, J.; Li, X.; Mao, Y.; Yuan, X.; Fei, Z.; Zhao, Y.; et al. Safety and Efficacy of Atorvastatin
for Chronic Subdural Hematoma in Chinese Patients: A Randomized Clinical Trial. JAMA Neurol. 2018, 75, 1338–1346. [CrossRef]

32. Prud’homme, M.; Mathieu, F.; Marcotte, N.; Cottin, S. A Pilot Placebo Controlled Randomized Trial of Dexamethasone for
Chronic Subdural Hematoma. Can. J. Neurol. Sci. 2016, 43, 284–290. [CrossRef]

http://doi.org/10.1186/s12974-017-0881-y
http://doi.org/10.1054/jocn.2000.0951
http://doi.org/10.2176/nmc.49.379
http://doi.org/10.1089/neu.2005.22.518
http://doi.org/10.1016/j.surneu.2008.01.023
http://doi.org/10.1586/ecp.11.1
http://www.ncbi.nlm.nih.gov/pubmed/21666852
http://doi.org/10.1042/cs0940557
http://www.ncbi.nlm.nih.gov/pubmed/9854452
http://doi.org/10.1016/j.cell.2010.02.043
http://www.ncbi.nlm.nih.gov/pubmed/20303881
http://doi.org/10.1016/j.mce.2010.04.005
http://doi.org/10.14336/AD.2018.0926
http://doi.org/10.1186/s13643-021-01626-4
https://training.cochrane.org/handbook/current
https://training.cochrane.org/handbook/current
http://doi.org/10.1186/1472-6947-7-16
http://doi.org/10.3390/jcm11164753
http://doi.org/10.3340/jkns.2016.59.6.628
http://www.ncbi.nlm.nih.gov/pubmed/27847578
http://doi.org/10.1136/bmj.315.7109.629
http://www.ncbi.nlm.nih.gov/pubmed/9310563
http://doi.org/10.2307/2533446
http://www.ncbi.nlm.nih.gov/pubmed/7786990
http://doi.org/10.1016/j.jclinepi.2010.07.015
https://gdt.gradepro.org/app/handbook/handbook.html
https://gdt.gradepro.org/app/handbook/handbook.html
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://doi.org/10.1089/neu.2020.7560
http://doi.org/10.1056/NEJMoa2020473
http://doi.org/10.1016/j.jocn.2019.08.095
http://doi.org/10.1001/jamaneurol.2018.2030
http://doi.org/10.1017/cjn.2015.393


Int. J. Mol. Sci. 2022, 23, 16198 16 of 17

33. Tariq, J.; Bhatti, S.N. Adjunctive postoperative course of dexamethasone in chronic subdural hematoma: Effect on surgical
outcome. Pak. J. Med. Sci. 2021, 37, 1877–1882. [CrossRef]

34. Fujisawa, N.; Oya, S.; Yoshida, S.; Tsuchiya, T.; Nakamura, T.; Indo, M.; Matsui, T. A Prospective Randomized Study on the
Preventive Effect of Japanese Herbal Kampo Medicine Goreisan for Recurrence of Chronic Subdural Hematoma. Neurol. Med.
Chir. 2021, 61, 12–20. [CrossRef] [PubMed]

35. Katayama, K.; Matsuda, N.; Kakuta, K.; Naraoka, M.; Takemura, A.; Hasegawa, S.; Akasaka, K.; Shimamura, N.; Itoh, K.; Asano,
K.; et al. The Effect of Goreisan on the Prevention of Chronic Subdural Hematoma Recurrence: Multi-Center Randomized
Controlled Study. J. Neurotrauma 2018, 35, 1537–1542. [CrossRef] [PubMed]

36. Workewych, A.; Callum, J.; Saarela, O.; Montanera, W. Tranexamic acid in the treatment of residual chronic subdural hematoma:
A single-centre, randomized controlled trial (TRACE). J. Neurotrauma 2018, 35, A244–A245.

37. Yamada, T.; Natori, Y. Prospective Study on the Efficacy of Orally Administered Tranexamic Acid and Goreisan for the Prevention
of Recurrence After Chronic Subdural Hematoma Burr Hole Surgery. World Neurosurg. 2020, 134, e549–e553. [CrossRef] [PubMed]

38. Chan, D.Y.C.; Sun, T.F.D.; Poon, W.S. Steroid for chronic subdural hematoma? A prospective phase IIB pilot randomized
controlled trial on the use of dexamethasone with surgical drainage for the reduction of recurrence with reoperation. Chin.
Neurosurg. J. 2015, 1. [CrossRef]

39. Sun, T.F.; Boet, R.; Poon, W.S. Non-surgical Primary Treatment of Chronic Subdural Haematoma: Preliminary Results of Using
Dexamethasone. Br. J. Neurosurg. 2005, 19, 327–333. [CrossRef] [PubMed]

40. Hirashima, Y.; Kurimoto, M.; Nagai, S.; Hori, E.; Origasa, H.; Endo, S. Effect of platelet-activating factor receptor antagonist,
etizolam, on resolution of chronic subdural hematoma–a prospective study to investigate use as conservative therapy. Neurol.
Med. Chir. 2005, 45, 621–626. [CrossRef]

41. Hirashima, Y.; Kuwayama, N.; Hamada, H.; Hayashi, N.; Endo, S. Etizolam, an anti-anxiety agent, attenuates recurrence of
chronic subdural hematoma–evaluation by computed tomography. Neurol. Med. Chir. 2002, 42, 53–55. [CrossRef]

42. Schaumann, A.; Klene, W.; Rosenstengel, C.; Ringel, F.; Tüttenberg, J.; Vajkoczy, P. COXIBRAIN: Results of the prospective,
randomized, phase II/III study for the selective COX-2 inhibition in chronic subdural haematoma patients. Acta Neurochir. 2016,
158, 2039–2044. [CrossRef]

43. Kolias, A.G.; Chari, A.; Santarius, T.; Hutchinson, P.J. Chronic subdural haematoma: Modern management and emerging
therapies. Nat. Rev. Neurol. 2014, 10, 570–578. [CrossRef]

44. Almenawer, S.A.; Farrokhyar, F.; Hong, C.; Alhazzani, W.; Manoranjan, B.; Yarascavitch, B.; Arjmand, P.; Baronia, B.; Reddy, K.;
Murty, N.; et al. Chronic subdural hematoma management: A systematic review and meta-analysis of 34,829 patients. Ann. Surg.
2014, 259, 449–457. [CrossRef] [PubMed]

45. Torihashi, K.; Sadamasa, N.; Yoshida, K.; Narumi, O.; Chin, M.; Yamagata, S. Independent predictors for recurrence of chronic
subdural hematoma: A review of 343 consecutive surgical cases. Neurosurgery 2008, 63, 1125–1129. [CrossRef] [PubMed]

46. Wang, D.; Li, T.; Tian, Y.; Wang, S.; Jin, C.; Wei, H.; Quan, W.; Wang, J.; Chen, J.; Dong, J.; et al. Effects of Atorvastatin on Chronic
Subdural Hematoma: A Preliminary Report from Three Medical Centers. J. Neurol. Sci. 2014, 336, 237–242. [CrossRef] [PubMed]

47. Chen, J.; Zacharek, A.; Li, A.; Cui, X.; Roberts, C.; Lu, M.; Chopp, M. Atorvastatin promotes presenilin-1 expression and Notch1
activity and increases neural progenitor cell proliferation after stroke. Stroke 2008, 39, 220–226. [CrossRef]

48. Ma, Y.; Chen, Z.; Zou, Y.; Ge, J. Atorvastatin represses the angiotensin 2-induced oxidative stress and inflammatory response in
dendritic cells via the PI3K/Akt/Nrf 2 pathway. Oxid. Med. Cell. Longev. 2014, 2014, 148798. [CrossRef]

49. He, C.; Xia, P.; Xu, J.; Chen, L.; Zhang, Q. Evaluation of the efficacy of atorvastatin in the treatment for chronic subdural hematoma:
A meta-analysis. Neurosurg. Rev. 2021, 44, 479–484. [CrossRef]

50. Song, Y.; Wang, Z.; Liu, L.; Wang, D.; Zhang, J. The level of circulating endothelial progenitor cells may be associated with the
occurrence and recurrence of chronic subdural hematoma. Clinics 2013, 68, 1084–1088. [CrossRef]

51. Liu, H.F.; Qi, X.W.; Ma, L.L.; Yao, D.K.; Wang, L. Atorvastatin improves endothelial progenitor cell function and reduces
pulmonary hypertension in patients with chronic pulmonary heart disease. Exp. Clin. Cardiol. 2013, 18, e40–e43.

52. Araujo, F.; Rocha, M.A.; Mendes, J.B.; Andrade, S.P. Atorvastatin Inhibits Inflammatory Angiogenesis in Mice through Down
Regulation of VEGF, TNF-Alpha and TGF-Beta1. Biomed. Pharmacother. 2010, 64, 29–34. [CrossRef]

53. Li, T.; Wang, D.; Tian, Y.; Yu, H.; Wang, Y.; Quan, W.; Cui, W.; Zhou, L.; Chen, J.; Jiang, R.; et al. Effects of atorvastatin on the
inflammation regulation and elimination of subdural hematoma in rats. J. Neruol. Sci. 2014, 341, 88–96. [CrossRef]

54. Shofty, B.; Grossman, R. Treatment Options for Chronic Subdural Hematoma. World Neurosurg. 2016, 87, 529–530. [CrossRef]
55. Soleman, J.; Nocera, F.; Mariani, L. The Conservative and Pharmacological Management of Chronic Subdural Haematoma. Swiss

Med. Wkly. 2017, 147, w14398. [PubMed]
56. Yu, W.; Chen, Q.; Jiang, Y.; Ma, M.; Zhang, W.; Zhang, X.; Cheng, Y. Effectiveness Comparisons of Drug Therapy on Chronic

Subdural Hematoma Recurrence: A Bayesian Network Meta-Analysis and Systematic Review. Front. Pharmacol. 2022, 13, 845386.
[CrossRef] [PubMed]

57. Glover, D.; Labadie, E.L. Physiopathogenesis of Subdural Hematomas. Part 2: Inhibition of Growth of Experimental Hematomas
with Dexamethasone. J. Neurosurg. 1976, 45, 393–397. [CrossRef] [PubMed]

58. Holl, D.C.; Volovici, V.; Dirven, C.M.F.; van Kooten, F.; Miah, I.P.; Jellema, K.; Peul, W.C.; van der Gaag, N.A.; Kho, K.H.; Hertog,
H.M.D.; et al. Corticosteroid Treatment Compared with Surgery in Chronic Subdural Hematoma: A Systematic Review and
Meta-Analysis. Acta Neurochir. 2019, 161, 1231–1242. [CrossRef] [PubMed]

http://doi.org/10.12669/pjms.37.7.3374
http://doi.org/10.2176/nmc.oa.2020-0287
http://www.ncbi.nlm.nih.gov/pubmed/33208583
http://doi.org/10.1089/neu.2017.5407
http://www.ncbi.nlm.nih.gov/pubmed/29444611
http://doi.org/10.1016/j.wneu.2019.10.134
http://www.ncbi.nlm.nih.gov/pubmed/31678452
http://doi.org/10.1186/s41016-015-0005-4
http://doi.org/10.1080/02688690500305332
http://www.ncbi.nlm.nih.gov/pubmed/16455539
http://doi.org/10.2176/nmc.45.621
http://doi.org/10.2176/nmc.42.53
http://doi.org/10.1007/s00701-016-2949-3
http://doi.org/10.1038/nrneurol.2014.163
http://doi.org/10.1097/SLA.0000000000000255
http://www.ncbi.nlm.nih.gov/pubmed/24096761
http://doi.org/10.1227/01.NEU.0000335782.60059.17
http://www.ncbi.nlm.nih.gov/pubmed/19008766
http://doi.org/10.1016/j.jns.2013.11.005
http://www.ncbi.nlm.nih.gov/pubmed/24269089
http://doi.org/10.1161/STROKEAHA.107.490946
http://doi.org/10.1155/2014/148798
http://doi.org/10.1007/s10143-019-01218-w
http://doi.org/10.6061/clinics/2013(08)04
http://doi.org/10.1016/j.biopha.2009.03.003
http://doi.org/10.1016/j.jns.2014.04.009
http://doi.org/10.1016/j.wneu.2015.09.035
http://www.ncbi.nlm.nih.gov/pubmed/28102879
http://doi.org/10.3389/fphar.2022.845386
http://www.ncbi.nlm.nih.gov/pubmed/35401183
http://doi.org/10.3171/jns.1976.45.4.0393
http://www.ncbi.nlm.nih.gov/pubmed/956875
http://doi.org/10.1007/s00701-019-03881-w
http://www.ncbi.nlm.nih.gov/pubmed/30972566


Int. J. Mol. Sci. 2022, 23, 16198 17 of 17

59. Shhrestha, D.B.; Budhathoki, P.; Sedhai, Y.R.; Jain, S.; Karki, P.; Jha, P.; Mainali, G.; Ghimire, P. Steroid in Chronic Subdural
Hematoma: An Updated Systematic Review and Meta-Analysis Post DEX-CSDH Trial. World Neurosurg. 2021, 158, 84–99.
[CrossRef]

60. Wang, X.; Song, J.; He, Q.; You, C. Pharmacological Treatment in the Management of Chronic Subdural Hematoma. Front. Aging.
Neurosci. 2021, 13, 684501. [CrossRef]

61. Wang, D.; Gao, C.; Xu, X.; Chen, T.; Tian, Y.; Wie, H.; Zhang, S.; Quan, W.; Wang, Y.; Yue, S.; et al. Treatment of chronic subdural
hematoma with atorvastatin combined with low-dose dexamethasone: Phase II randomized proof-of-concept clinical trial. J.
Neurosurg. 2020, 31, 1–9. [CrossRef]

62. Gong, Z.; Zhan, D.; Nie, M.; Li, X.; Gao, C.; Liu, X.; Xiang, T.; Yuan, J.; Jiang, W.; Huang, J.; et al. Dexamethasone enhances the
efficacy of atorvastatin in inhibiting excessively inflammation-induced abnormal angiogenesis by regulating macrophages. J.
Neuroninflamm. 2021, 18, 203. [CrossRef]

63. Won, S.Y.; Dubinski, D.; Sautter, L.; Hattingen, E.; Seifert, V.; Rosenow, F.; Freiman, T.; Strzelczyk, A.; Konczalla, J. Seizure and
status epilepticus in chronic subdural hematoma. Acta Neurol. Scand. 2019, 140, 194–203. [CrossRef]

64. Stippler, M.; Ramirez, P.; Berti, A.; Macindoe, C.; Villalobos, N.; Murray-Krezan, C. Chronic subdural hematoma patients aged 90
years and older. Neurol. Res. 2013, 35, 243–246. [CrossRef] [PubMed]

65. Vychopen, M.; Hamed, M.; Bahna, M.; Racz, A.; Ilic, I.; Salemdawod, A.; Schneider, M.; Lehmann, F.; Eichhorn, L.; Bode, C.; et al.
A Validation Study for SHE Score for Acute Subdural Hematoma in the Elderly. Brain Sci. 2022, 12, 981. [CrossRef] [PubMed]

http://doi.org/10.1016/j.wneu.2021.10.167
http://doi.org/10.3389/fnagi.2021.684501
http://doi.org/10.3171/2019.11.JNS192020
http://doi.org/10.1186/s12974-021-02257-1
http://doi.org/10.1111/ane.13131
http://doi.org/10.1179/1743132813Y.0000000163
http://www.ncbi.nlm.nih.gov/pubmed/23485051
http://doi.org/10.3390/brainsci12080981
http://www.ncbi.nlm.nih.gov/pubmed/35892422

	Introduction 
	Methods 
	Inclusion and Exclusion Criteria 
	Types of Studies 
	Data Extraction and Quality Evaluation 
	Statistics 
	Grading of the Evidence 

	Results and Discussion 
	Literature Search 
	Characteristics of Included Studies 
	Risk of Bias Quality Assessment 
	Impact of Anti-Inflammatory Therapy on Patients with cSDH 
	Mortality 
	Neurological Outcome 
	Secondary Surgery for Recurrent cSDH 

	Impact of Anti-Inflammatory Therapy on Patients with cSDH Undergoing Primary Surgical Hematoma Evacuation 
	Mortality 
	Outcome 
	Secondary Surgery for Recurrent cSDH 

	Impact of Anti-Inflammatory Therapy on Patients with cSDH and Primary Conservative Treatment 
	Mortality 
	Outcome 
	Secondary Surgery 

	Impact of Corticosteroids on Patients with cSDH 
	Mortality 
	Secondary Surgery 

	High-Dose vs. Low Dose Corticosteroids—Mortality 
	Low Dose Corticosteroids 
	High Dose Corticosteroids 

	Publication Bias 
	Grading of the Evidence 
	Discussion 

	Conclusions 
	References

