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To drill or not to drill, that is the question: nonsurgical
treatment of chronic subdural hematoma in the elderly.
A systematic review
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OBJECTIVE Chronic subdural hematoma (CSDH) is one of the most common neurosurgical pathologies, typically af-
fecting the elderly. Its incidence is expected to grow along with the aging population. Surgical drainage represents the
treatment of choice; however, postoperative complications and the rate of recurrence are not negligible. For this reason,
nonsurgical alternatives (such as middle meningeal artery embolization, steroids, or tranexamic acid administration) are
gaining popularity worldwide and need to be carefully evaluated, especially in the elderly population.

METHODS The authors performed a systematic review according to PRISMA criteria of the studies analyzing the non-
surgical strategies for CSDHSs. They collected all papers in the English language published between 1990 and 2019 by
searching different medical databases. The chosen keywords were “chronic subdural hematoma,” “conservative treat-
ment/management,” “pharmacological treatment,” “non-surgical,” “tranexamic acid,” “dexamethasone,” “corticosteroid,”

" u "«

“glucocorticoid,” “middle meningeal artery,” “endovascular treatment,” and “embolization.”

RESULTS The authors ultimately collected 15 articles regarding the pharmacological management of CSDHs matching
the criteria, and 14 papers included the endovascular treatment.

CONCLUSIONS The results showed that surgery still represents the mainstay in cases of symptomatic patients with
large CSDHSs; however, adjuvant and alternative therapies can be effective and safe in a carefully selected population.
Their inclusion in new guidelines is advisable.

https://thejns.org/doi/abs/10.3171/2020.7.FOCUS20237
KEYWORDS chronic subdural hematoma; tranexamic acid; dexamethasone; pharmacotherapy; middle meningeal

artery; endovascular treatment; embolization

one of the most common neurosurgical disorders,

with an estimated incidence of approximately 58
per 100,000 per year among people older than 70 years.!
Its incidence has been progressively increasing along with
life expectancy, especially in high-income countries.>
In the elderly population, often burdened by multiple and
severe comorbidities, CSDH appears to consistently im-
pact patients’ quality of life, eventually determining poor
prognosis due to immobilization. Surgery has always been
considered as a gold standard treatment for CSDH because
it is a relatively safe and effective first-line management

C HRONIC subdural hematoma (CSDH) represents

option providing potential health cost savings.® Several
meta-analyses and systematic reviews>® evaluated the re-
sults of different surgical procedures: no differences were
found between twist drill or burr hole, whereas the benefit
of postoperative drainage has been clearly demonstrated,
as has the use of irrigation.

Although surgical evacuation of CSDH has been wide-
ly considered as a straightforward and safe procedure,
the recurrence rate is relatively high, long-term clinical
outcomes for elderly patients remain poor, and surgical
morbidity and mortality are not negligible.” Accordingly,
there is an increasing interest in nonsurgical alternatives,

ABBREVIATIONS CSDH = chronic subdural hematoma; DX = dexamethasone; MMAE = middle meningeal artery embolization; RCT = randomized controlled trial; TXA =

tranexamic acid.
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although no comparative studies are currently available.
This study aimed to systematically review the pertinent
literature on nonsurgical management options for CSDH
in the elderly population.

Methods

The present study consists of a systematic review of the
international medical literature conducted according to
the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines.® The PRISMA
checklist is detailed in Moher et al.?

Three different medical databases (PubMed, Scopus,
and Cochrane Library) were selected for our research.
The search terms were ‘“chronic subdural hematoma,”’
“conservative treatment/management,” ‘“‘pharmacologi-
cal treatment,” “non-surgical,” “tranexamic acid,” “dexa-
methasone,” “corticosteroid,” “glucocorticoid,” “middle
meningeal artery,” “endovascular treatment,” and “em-
bolization” [MeSH], combined with Boolean operators
(“AND,” “OR;” and “NOT").

Inclusion Criteria

Papers written in English and published between the
years 1990 and 2019 were considered eligible if they in-
cluded at least one adult (70 years of age or older) with a
diagnosed supratentorial CSDH who received nonsurgical
primary or adjuvant treatments for CSDH. Studies needed
to report on patients’ characteristics, mortality, neurologi-
cal outcome, recurrences, need for reintervention, and/or
complications. Letters to the editor, editorials, commen-
taries, and literature reviews were excluded.

Two authors (J.V. and L.R.) independently conducted
the first search round (abstract and titles) for eligibility
and performed full-text evaluation for inclusion. Any dis-
crepancy was solved by consensus with the senior author
(P.D.B.). In order to collect the data about the ongoing
clinical trials, the ClinicalTrials.gov database was con-
sulted in November 2019.

Results

From the first literature search, we retrieved 720 ar-
ticles. After the removal of duplicates and title/abstract
screening for matching inclusion/exclusion criteria, 63
papers were assessed for eligibility (Fig. 1). Thirty-four
of these papers were excluded for the following reasons:
other reviews, case reports, unclear outcomes, or nonelder-
ly population.

Ultimately, 29 studies were included in the data analy-
sis: 4 were on tranexamic acid (TXA; 1 prospective ran-
domized study, 2 retrospective trials, and 1 case report);
11 studies investigated the role of dexamethasone (DX; 3
prospective randomized controlled trials [RCTs], 2 pro-
spective nonrandomized trials, and 6 retrospective stud-
ies; Table 1); and 14 studies investigated the role of middle
meningeal artery embolization (MMAE; 6 case series,
3 case reports, 4 retrospective studies, and 1 prospective
trial; Table 2).

Medical Treatments: TXA and DX
Four studies were collected on TXA, with a total of
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105 cases included;'> 18 patients received TXA as
unique treatment and in 87 cases TXA was administered
as adjuvant therapy following surgical drainage. Patients
were enrolled based on radiological evidence of CSDHs
regardless of the presence of compressive symptoms, al-
though surgical drainage was performed in any case of
severe neurological deterioration. The authors reported
no adverse events related to TXA administration. In all
3 clinical trials using TXA as adjuvant or unique thera-
py that were included in our review,’"!! an overall reduc-
tion of hematoma volume was observed. TXA alone or as
adjuvant treatment was associated with a mean reduction
of the hematoma volume in all patients. In one paper,'* a
statistically significant difference was observed, favoring
the use of TXA as adjuvant therapy after surgery.

Eleven studies investigated the role of DX."*2* We re-
trieved 1067 cases in which DX was administered: in 810
cases as adjuvant treatment, whereas 257 patients received
DX as primary treatment. The cohorts that received DX
alone showed the most unfavorable outcomes: surgical
procedures for hematoma evacuation were required, rang-
ing from 22% to 83% of patients in different series.'*>2
On the other hand, adjuvant corticosteroids after surgery
resulted in a recurrence rate of 11.6%, ranging from 0% to
40% among the different studies.!6-18:19.21.23

Endovascular Treatment: MMAE

MMAE is a relatively new technique; it was first report-
ed in the early 2000s.>* It was performed in 195 patients
for a total of 207 procedures: in 125 cases as adjuvant
treatment for recurrence after surgery or as a prophylactic
measure in patients with specific risk factors, such as co-
agulation disorders. Conversely, MMAE was performed
as the primary treatment, as an alternative to surgery, in
82 neurologically stable patients without significant com-
pressive symptoms.

Second surgeries for hematoma recurrence were re-
ported in 24 cases, regardless of the timing, with an over-
all recurrence rate of 11.6%. No procedure-related compli-
cations were reported.

Other Medical Treatments

Although molecules such as angiotensin-converting
enzyme (ACE) inhibitors, statins, and mannitol have been
advocated by some authors, none of these agents reached
a sufficient level of evidence to recommend their use.*-4

Ongoing Trials

The government database review for registered ongo-
ing clinical trials on nonoperative management for CSDH
produced 18 studies (Table 3): 4 RCTs and 1 prospective
nonrandomized trial involving TXA are currently ongo-
ing, whereas 10 RCTs are investigating the role of DX and
methylprednisolone. One RCT and 2 nonrandomized clin-
ical trials for MMAE were found and included for review.

Discussion
Tranexamic Acid

We collected data on 105 patients treated with TXA; in
most of them (82.9%) it was administered as adjuvant treat-
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FIG. 1. PRISMA flowchart of the systematic review of studies of patients with CSDH.

ment. Hematoma volume reduction was reported in all of
them, with only one recurrence and no complications. The
presence of hyperfibrinolytic activities has been shown to
play a major role in the pathogenesis of CSDHs.*% Be-
cause the TXA inhibits fibrinolysis and enhances the he-
mostasis due to antiplasmin activity, it was hypothesized
that it might lead to a gradual resorption of SDH.

The level of evidence about the use of TXA is gener-
ally low (level 3b), because most of the studies (3 of 4 in
our review) are retrospective or case series. Kageyama et
al.? performed the first retrospective study (level 3b) of a
cohort in whom 750 mg of TXA was administered once a
day as an alternative to surgery in 18 patients, who showed
a complete radiological recovery. This study was affected
by its retrospective design and thus a relatively low level
of evidence; moreover, patients receiving anticoagulant or
antiplatelet medications, representing a wide subgroup of
CSDH cases, were excluded from the study.

A higher level of evidence (level 1b) was reached by
Yamada and Natori,'® who performed the first prospective
RCT in a cohort of 193 patients with CSDH who were
treated with a traditional burr hole for hematoma evacu-
ation. The investigators subdivided this cohort into three
groups based on adjuvant therapies: TXA, goreisan, or
clinical observation. They showed no difference in the re-
currence rate between surgery and TXA groups; however,

the mean residual hematoma volume was significantly
lower in the TXA group. No treatment-related toxicity was
reported.”'? Contraindications to TXA include comorbid-
ities such as renal dysfunction, malignancy, cardiovascu-
lar, respiratory disease, current anticoagulant therapy, and
history of thromboembolic disease, including deep vein
thrombosis, pulmonary embolism, arterial thrombosis,
stroke, and subarachnoid hemorrhage.5!

A multicenter, double-blind, randomized phase 2B study
(level 1b evidence) is currently ongoing— “Tranexamic
Acid in Chronic Subdural Hematomas (TRACS)”
(NCTO02568124)—and its two arms consist of TXA and
placebo.*? According to the study design, 130 patients will
be randomized to receive either 750 mg of TXA or placebo
daily, with a final follow-up at 20 weeks. Even though this
study will represent the first RCT on this topic, its applica-
bility will be affected by the exclusion of patients receiv-
ing anticoagulant medications; on the other hand, further
RCTs are currently recruiting patients.*#*

Our data showed that TXA was effective for the reduc-
tion of hematoma volume in all patients, with a very low
rate of recurrence (1.1%) and no complications. In sum-
mary, while waiting for ongoing RCTs to be completed,
current evidence about TXA efficacy in CSDH treatment
can be considered as level 1b with a grade B strength of
recommendations.
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TABLE 2. MMAE in the treatment of CSDH

Scerrati et al.

Authors & No.of ~ Embolic Primary Adjuvant Hematoma Vol  Recurrences  Complications

Year Type of Study Pts/ICSDHs Material ~ Tx Tx Reduction* After MMAE of MMAE  Mortality Follow-Up
Mandai et Case report 1 PC 0 1 NA 0 0 0 7 mos
al., 20002
Hirai et al., Case report 2 PC, 0 2 NA 0 0 0 9 mos
20042 PVA
Ishihara et Case series 7 NBCA 0 7 NA 0 0 0 15 mos
al., 2007%
Mino et al., Case series 4 PC 0 4 NA 2 (50.0%) 0 0 6 mos
20107
Hashimoto Case series 5 NBCA, 0 5 NA 0 0 0 Unreported
etal., 2013% PVA
Chihara et Case report 3 PC, 0 3 NA 1(33.3%) 0 0 2yrs
al., 20142 PVA
Tempaku et~ Case series 5 PVA 0 5 NA 4 (80.0%) 0 0 6-60 wks
al., 2015%
Kim, 2017°" Retro 20 PVA 0 20 NA 1(5.0%) 0 2(10.0%) 6 mos
Matsumoto Retro 4 NCBA, 0 4 NA 0 0 0 3-6 mos
etal., 2018% PC
Link et al., Case series 6/7 PVA 0 7 NA 117 0 0 Unreported
2018%
Link et al., Case series 39/50 PVA 50 0 31/50 (62.0%) 4 (8.0%) 0 0 6 wks
2019%
Banetal, Prosp 72 PVA, 27 45 27127 (100%)  1/45 (2.2%), 0/27 0 0 6 mos
2018% nonrandomized PC
Farkas, Retro 10 PVA 5 5 3/5 (60.0%) 0 0 0 1yr
2018%
Okuma et Retro 17 NCBA 0 17 NA 0 0 0 Unreported
al., 2019%
Total 195/207 82 125  61/82(74.4%)  24/207 (11.6%) 0 2 (1.0%)

NBCA = N-butyl cyanoacrylate; PC = platinum coils; PVA = polyvinyl alcohol.

* Hematoma volume reduction was considered only for patients with primary conservative management, assuming that all patients who undergo surgery + adjuvant

treatment will attain a reduction.

Dexamethasone

We collected data in 1067 patients treated with DX, 257
as only conservative treatment and 810 as adjuvant (Table
1). Of the patients with primary conservative manage-
ment, 61.1% attained hematoma volume reduction, where-
as the overall rate for recurrences (primary and adjuvant
treatment) was 11.6% (Table 4). Conversely, of the 1008
patients in whom the presence or absence of complica-
tions was reported, 172 patients (17.1%) had complications
(Tables 1 and 4).

Although multifactorial mechanisms are involved in
CSDH development, its inflammatory etiology has already
been proposed and is being increasingly accepted.t?-64
Corticosteroids, through the inhibition of these inflamma-
tory and angiogenetic factors, could slow down the CSDH
growth and even determine its resorption.

In the 1970s, Bender and Christoff® were the first to
evaluate the efficacy of DX for CSDH in a clinical setting
and suggested its use as treatment in neurologically stable
patients.

Sun et al.!* performed a prospective study (level 2b evi-

dence) on a cohort of 108 patients, in which 26 patients
were treated with DX alone, 69 underwent burr-hole cra-
niotomy and adjuvant corticosteroids, and 13 were treated
with surgical drainage alone. In the corticosteroid group, 1
patient required surgical drainage, whereas in the surgical
group hematoma recurrence was reported in 3 patients; no
significant difference between the two groups was mea-
sured.

In 2009, Delgado-Lépez et al.'* performed a retrospec-
tive study (level 3b evidence) including a cohort of 120
patients. Nineteen patients underwent surgery, whereas
101 were treated with DX alone. Again, no significant dif-
ferences between the two groups were found.

A pilot RCT (level 2b evidence) by Prud’homme et al."®
enrolled 10 patients affected by CSDH who were treated
with DX and 10 patients who received placebo. The au-
thors reported no statistically significant differences be-
tween the two groups, although the study was prematurely
terminated due to a high incidence of complications in the
DX group.

Berghauser Pont and colleagues'® reported a cohort
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TABLE 3. Ongoing clinical trials of nonsurgical treatments for CSDH

Trial No. Therapy Type of Study No.of Pts ~ Current Status ~ Estimated Completion Date Country
NCT03280212* TXA Randomized 60 Unknown March 2018 Canada
NCT025681244 TXA Randomized 130 Unknown June 2019 Canada
NCT03353259% TXA Randomized 600 Recruiting November 2020 Norway
NCT035822934 TXA Randomized 130 Recruiting December 2021 Netherlands
NCT026183824 TXA Nonrandomized 50 Unknown January 2018 USA
NCT029384684 DX Randomized 326 Recruiting September 2021 Canada
NCT02111785% DX Randomized 10 Terminated December 2018 USA
NCT021923204 DX Randomized 60 Unknown September 2015 China
NCT023623214 DX Randomized 20 Terminated February 2016 Canada
ACTRN12613000175774% DX Randomized Unknown Ongoing Unknown Australia
NCT01380028% DX Randomized 340 Active Unknown France
NCT02650609% MPSS Randomized 202 Recruiting Unknown France
EudraCT2011-003544-42% DX Randomized 790 Ongoing Unknown Austria
EudraCT2014-004948-35% DX Randomized 750 Terminated August 2019 UK
EudraCT2015-001563-39% DX Randomized 170 Ongoing Unknown Netherlands
NCT03307395% MMAE Nonrandomized 50 Recruiting December 2021 USA
NCT04065113% MMAE Nonrandomized 600 Recruiting January 2022 USA
NCT040958195% MMAE Randomized 50 Recruiting April 2022 USA

MPSS = methylprednisolone.

(level 3b evidence) of 496 patients treated with adjuvant
DX following surgical drainage, and the hematoma recur-
rence rate was 11.9%. In the literature, the risk of recur-
rence is estimated at 10%.%

Almenawer et al.> published a meta-analysis (level 1a
evidence) of 34,829 patients with CSDH. The use of ste-
roids in a pooled analysis from 5 nonrandomized studies
did not result in outcome differences when compared with
surgical management. Meta-analyses of 17 pooled cohorts
resulted in no evidence supporting favorable outcomes
when using steroids in addition to surgeries; however,
there were higher rates of morbidity. These findings are
comparable to our data. On the other hand, another sys-

TABLE 4. Summary of the main data collected on conservative
treatments compared to data collected by a systematic review of
surgical treatment

tematic review (level la evidence) by Holl et al.®’ specifi-
cally evaluating corticosteroid treatment compared with
surgery in CSDH suggested that the addition of steroids to
surgery might be effective in terms of need for reinterven-
tion and mortality rate. Indeed, the authors also warned
that their results must be interpreted with caution in light
of the serious risk of bias of the included studies.

Finally, Mebberson et al.?! published a prospective RCT
(level 1b evidence) including 47 patients, 23 assigned to
DX treatment and 24 to placebo after traditional surgery.
They found a weak statistical significance (p = 0.049) in
comparing the two groups; the hematoma recurrence rate
was 20.83% in the placebo group and 0% in the DX group.

Due to the paucity of level 1 evidence, several RCTs
were initiated in the last few years (Table 3). Steroids are
evaluated as treatment in addition to surgery or as thera-
py alone versus surgery.®® Our data showed that the use
of DX for CSDHs is still questionable. As the primary
treatment, it is absolutely noneffective; as adjuvant treat-

Parameter TXA DX  MMAE  Surgery* ment, in 61.1% of patients DX caused hematoma volume

. reduction. On the other hand, more than 15% of patients

No. of studies 4 n 14 16 had complications and the recurrence rate is comparable
No. of pts 105 1067 195 1407 to that of surgery alone (Table 4).

Primary Tx 171%  241%  39.6% NA Currently, level 1 evidence coming from systematic re-

Adjuvant Tx 829% 75.9%  60.4% NA views® and prospective RCTs? has reached contradictory

Hematoma vol reductiont ~ 100%  611%  74.4%  82.0% conclusions on the safety and efficacy of DX in CSDH

Recurrence 1% 116%  116% 1.0% treatment. The strength of recommendations for its use

o could be considered as grade C. Many RCTs are near-

Overall complications 0%  17.1% 0%  11.0% ing completion and, if successful, will probably answer

Mortality 0% 42%  10% 4.0% whether DX could represent a useful adjuvant treatment

* Data from RCTs collected by Almenawer et al.5

t Hematoma volume reduction was considered only for patients with primary
conservative management, assuming that all patients who undergo surgery +
adjuvant treatment will attain a reduction.
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after surgery for reducing risks for recurrence.” However,
patient selection should be meticulously considered—
avoiding those suffering from diabetes mellitus, acute or
chronic infections, and hypertension.
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Middle Meningeal Artery Embolization

We collected data in 195 patients treated with MMAE
for a total of 207 procedures, 82 as only primary treatment
and 125 as adjuvant (Table 2). Hematoma volume reduc-
tion was reported in 74.4% of patients, with recurrence in
11.6%. No procedure-related complications were reported.

An irregular wispy appearance of the MMA at angiog-
raphy has been reported in CSDH,* due to the presence
of dysplastic vessels and capillary webs. The possibility to
directly visualize this abnormal vasculature fostered the
idea for an endovascular treatment through the catheter-
ization and embolization of MMA. Recently, a systematic
review of this technique® (level 3 evidence) showed that
currently data only exist from case series and nonrandom-
ized studies with low numbers, and MMAE has mostly
been applied to recurrent CSDH.

Ban et al.» performed the only available prospective
study (level 2b evidence). They enrolled 72 patients un-
dergoing MMAE (27 patients with MMAE alone and 45
patients with MMAE after surgery) and compared their
results with a historical cohort of 402 surgically treated
cases. They concluded that MMAE was more effective
than traditional treatment because they reported no treat-
ment failure or complications related to the endovascular
procedure. However, although their results are encourag-
ing, the study design negatively influenced the level of
evidence, thus leaving any eventual data confirmation and
conclusion to properly designed clinical trials.

MMAE has also been hypothesized to improve out-
come in patients treated with antithrombotic drugs. In
fact, the Embolization of the Middle Meningeal Artery in
Chronic Subdural Hematoma (EMMACS) study” is as-
sessing early resumption of anticoagulants following sur-
gery with and without MMAE.

Our data showed that MMAE is a relatively safe and
effective procedure, in particular for recurrences, although
data regarding related adverse effects, such as intracere-
bral hemorrhages, vasospasms, and strokes, are vague and
not fully assessed; thus, the effective complication rate
could have been underestimated. The first RCT is cur-
rently recruiting patients®® in the US and is estimated to be
completed in 2022. In conclusion, from literature evalua-
tion for MMAE in CSDH we can consider level 3 evidence
with grade B strength of recommendation.

In Table 4 we have summarized the different outcomes
for conservative treatments compared with surgery.

Limitations of the Study

In most of the patients the evaluated treatments were
given as adjuvants after surgery; this could affect the eval-
uation of the real efficacy of each treatment. One of the
major limitations was the poor level of evidence of several
of the collected studies, which could represent a bias in
the correct evaluation of the extracted data. Moreover, an
expected limitation of including resources with variable
qualities, definitions, follow-ups, and diagnostic criteria is
the inevitable heterogeneity detected in some outcomes.

Another limitation of this study is the relatively small
number of patients due to selective inclusion of elderly pa-
tients. Unfortunately, due to the restricted number of data
provided by studies, detailed differences among manage-

Scerrati et al.

ment options, including variable minor techniques, dif-
ferent management, and different medications, were not
evaluated in this study.

Conclusions

Recurrences, reoperations, and complications represent
heavy burdens for patients older than 70 years of age and
suffering from CSDH. TXA was shown to be effective for
the reduction of hematoma volume in all patients, with a
very low rate of recurrence and no complications. The use
of DX remains questionable. As a primary treatment, it is
absolutely ineffective; as an adjuvant treatment, it can cause
hematoma volume reduction but with a risk of complica-
tions of more than 15% and a recurrence rate comparable
to that of surgery alone. MMAE represents an interesting
endovascular solution as an adjuvant treatment in CSDH
recurrences. Even though few reports are available, our
data showed that it is safe and effective, in particular for
recurrences. Whereas surgery is still considered the gold
standard treatment in cases of neurological impairment,
the aforementioned alternatives should be considered in
carefully selected patients. In order to improve outcomes,
a tailored, personalized therapy should be sought. Patients
could be stratified for operative versus conservative treat-
ment based on the need for mass effect removal. Further-
more, adjuvant therapies could be proposed based on the
risk of recurrence and complications. Results from clinical
trials are needed to confirm these preliminary data and
better identify any patient subgroups benefiting the most
from each of them.
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