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Summary

Chronic subdural haematoma (cSDH), one of the most
common neurosurgical entities, occurs typically in
elderly patients. The incidence is expected to double
by the year 2030, owing to the continuous aging of the
population. Surgery is usually the treatment of choice,
but conservative treatment may be a good alternative
in some situations. We provide a systematic review of
studies analysing the conservative treatment options
and the natural history of c¢SDH. Of 231 articles
screened, 35 were included in this systematic review.
Studies evaluating the natural history and conserva-
tive treatment modalities of ¢SDH remain sparse and
are predominantly of low level of evidence. The natu-
ral history of cSDH remains unclear and is analysed
only in case reports or very small case series. “Wait
and watch” or “wait and scan” management is indi-
cated in patients with no or minor symptoms (Mark-
walder score 0-1). However, it seems that there are no
clear clinical or radiological signs indicating whether
the c¢SDH will resolve spontaneously or not (type C
recommendation). In symptomatic patients who are
not worsening or in a comatose state, oral steroid
treatment might be an alternative to surgery (type C
recommendation). Tranexamic acid proved effective in
a small patient series (type C recommendation), but its
risk of increasing thromboembolic events in patients
treated with antithrombotic or anticoagulant medica-
tion is unclear. Angiotensin converting-enzyme inhibi-
tors were evaluated only as adjuvant therapy to sur-
gery, and their effect on the rate of recurrence remains
debatable. Mannitol showed promising results in
small retrospective series and might be a valid treat-
ment modality (type C recommendation). However,
the long treatment duration is a major drawback.
Patients presenting without paresis can be treated
with a platelet activating factor receptor antagonist
(type C recommendation), since they seem to promote
resolution of the haematoma, especially in patients
with hygromas or low-density haematomas on com-
puted tomography. Lastly, atorvastatin seems to be a
safe option for the conservative treatment of asymp-
tomatic or mildly symptomatic cSDH patients (type C
recommendation). In conclusion, our knowledge of
the conservative treatment modalities for cSDH is
sparse and based on small case series and low grade
evidence. However, some treatment modalities seem
promising even in symptomatic patients with large

haematomas. Randomised controlled trials are cur-
rently underway, and will hopefully provide us with
good evidence for or against the conservative treat-
ment of cSDH.

Key words: chronic subdural haematoma; conserva-
tive treatment; natural history; nonsurgical treatment

Introduction

Chronic subdural haematoma (cSDH) is a common neuro-
surgical entity, often caused by head trauma and occurring
mostly in elderly patients. The incidence in people 70 years
of age and older is estimated at 58/100 000 persons a year
[1]. In 41% of the cases, patients are treated with oral antico-
agulation or antiplatelet therapy at the time of diagnosis [2].
Since the incidence is expected to double by the year 2030,
owing to the continuous aging of the population, there is a
need for evidence-based management guidelines for both
general and specialised healthcare practitioners [3]. Surgical
treatment is considered the gold standard for symptomatic
¢SDH, but may become complex because most of the pa-
tients are advanced in age and/or are being treated with
anticoagulants. Even though the outcome of surgical treat-
ment is considered good, conservative treatment may be
highly valuable in some situations.

An understanding of the pathophysiology is crucial for the
development of medical agents in order to treat cSDHs
conservatively. In healthy individuals, the subdural space is
a virtual space [3]. A layer of dural border cells with enlarged
extracellular space containing bridging veins is tethered
between the dura mater and the arachnoid mater [4]. In
individuals with brain atrophy (e.g., elderly, alcoholics), the
bridging veins are stretched since the arachnoid is separated
from the dura mater. These stretched veins can be easily
torn, typically as a result of minor trauma, leading to acute
bleeding into the virtual subdural space. Thereafter, fibrin
deposition and fibrinolytic organisation occurs, and the
blood in the subdural space triggers inflammation [5-8].
After weeks, neomembrane with fragile neocapillaries is
formed, typically leading to further microbleeding and the
maintenance or enlargement of the SDH. Other factors
influencing the enlargement of the SDH are: fragility of the
neocapillaries [4], acceleration of fibrinolysis [9], high con-
centration of fibrin degradation products [10, 11] and high
concentrations of vascular endothelial growth factor (VEGF)
[12-14] in the subdural space.
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Chronic SDH is also described as a circumscribed chronic
self-perpetuating inflammatory disorder. Stanisic et al.
showed significantly higher levels of proinflammatory
mediators (interleukin-2 receptor, and interleukins 5, 6 and
7) and anti-inflammatory mediators in the ¢SDH fluid com-
pared with systemic levels, as well as a higher ratio of pro- to
anti-inflammatory mediators [15]. The contact between
cSDH fluid and the dural border cells seems to evoke a local
aseptic inflammatory and inflammation-induced angiogen-
ic reaction [16]. This angiogenic reaction leads to the for-
mation of neomembranes that cause repeated microbleeds
into the haematoma cavity. Consequently, cSDH may be
considered as an angiogenic disease, where inflammatory
phenomena play a major role [5]. A clinical classification,
namely the Markwalder grading score (MGS) [17], might help
to decide which therapy modality might be more appropri-
ate. However, no consensus exists about the best treatment
for each grade and the treatment modality that should be
chosen individually for each patient. Symptomatic patients
with a confirmed radiological appearance of a haematoma
are usually treated surgically, whereas patients with asymp-
tomatic haematomas and small non-space-occupying hae-
matomas can be managed conservatively with a medical
agent or through careful observation [18].

We provide a systematic review summarising the conserva-
tive treatment modalities of cSDH and their indications. The
emphasis was on studies investigating stand-alone pharma-
cological treatment of cSDH; if for a specific agent none was
available, adjunct treatment to surgery is described.

Methods

References for this review were identified by searching
PubMed from 1960 up to and including 2016. Search terms
were: “cSDH conservative treatment”, “cSDH nonsurgical or
nonoperative treatment”, “cSDH steroids”, “cSDH cortico-
steroids”, “cSDH dexamethasone”, “cSDH ACE-inhibitors”,
“cSDH tranexamic acid”, “cSDH mannitol”, “cSDH platelet
activating factor receptor antagonist” and “cSDH statins OR
atorvastatin” with no restrictions to a particular language,
or to human studies, case reports, clinical trials, controlled
clinical trials, meta-analyses, randomised controlled trials,
reviews or systematic reviews. Abstracts were independent-
ly reviewed by two of the authors (JS and FN), duplicates
were removed and the final list of references was generated
(fig. 1).

The review was performed in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [19]. The classification of evidence was
conducted in accordance with the US Preventive Services
Task Forces, the National Health Service Centre Reviews and
Dissemination (UK) and the Cochrane Collaboration (table 1)
[20, 21]. Recommendations type A, B or C were formulated
according to the levels of evidence I, II, or III, type A reflect-
ing a high degree of clinical certainty, type B moderate
certainty, and type C recommendations meaning either a
lack of certainty or even harmfulness.

Table 1: Classification of evidence (adapted from Soleman et al. [4]
and Lawrence et al. [20, 21]).

Class | Evidence provided by one or more well-designed RCTs

Class Il Evidence provided by moderate quality RCTs, good
quality cohort or case studies.

Class Il Evidence obtained expert's opinion based on clinical
experiences

RCT = randomised controlled trial

230 articles identified
through database
searching for all search
terms

1 article identified
through other sources

231 articles identified

( 8 removed

212 articles screened

84 excluded based on

titlefabstract review

128 full text articles
assessed for eligibility

88 excluded with reason

—case reporns

- paediatric subdural haesmatoma
= adjuvant treatment to surgery

35 articles included

Figure 1

Selection of articles included in this review.

Results

After searching for all terms, 230 records were identified by
the database and 1 additional record was identified through
other sources. After removal of 18 duplicates, 212 records
were screened. Based on title or abstract review, 84 records
were excluded. Out of the remaining 128 records, 93 were
excluded with reason, resulting in 35 articles (fig. 1).

The surgical drainage of a symptomatic ¢SDH is still consid-
ered the preferred treatment. In general, three primary
surgical techniques are used: (1) craniotomy with an open-
ing of >30 mm, (2) burr hole craniostomy with opening of
10-30 mm, and (3) twist drill craniostomy with small open-
ings of <10 mm of the skull. Twist drill and burr hole crani-
ostomy are suggested for primary treatment with or with-
out symptoms; twist drill craniostomy is used especially in
patients with multiple comorbidities [3, 4]. Craniotomy
permits a good exposure to the brain and is the most effec-
tive technique to manage complicated cases [3]. Class I evi-
dence studies are practically nonexistent and there are still
many debates about the surgical treatment of cSDH [22].
From the literature, it is apparent that conservative therapy
for ¢cSDH could be used in some cases. Conservative man-
agement is reserved for asymptomatic small-sized haema-
tomas, patients refusing operation, or those with high oper-
ative risk [3, 23]. Various medical therapy options such as
corticosteroids, angiotensin converting enzyme (ACE) inhib-
itors, mannitol 20%, tranexamic acid, platelet activating
factor receptor antagonists and statins are discussed in the
literature, but only in small observational studies. In addi-
tion some authors described spontaneous resolution while
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conducting a “wait and watch” or “wait and scan” regimen
[24, 25]. Two surveys among neurosurgeons showed that
conservative management is rarely used and therefore more
evidence-based prospective studies are needed to evaluate
its value and efficacy in patients with cSDH [26, 27].

“Wait and watch” or “wait and scan”

The natural history of ¢SDH remains unclear. A few small
case series and several case reports describe spontaneous
resolution of traumatic and nontraumatic cSDHs, even in
patients under antiplatelet therapy [24, 28-31]. Clear indica-
tions for a wait and watch or wait and scan regimen do not
exist. According to Lee et al, sufficient potential subdural
space is the premorbid condition leading to progression of
cSDHs. Any force to shrink the brain can be the precipitating
factor for the progression of cSDH; the opposite, namely an
expansion, leads to spontaneous resolution of the haema-
toma [32]. In addition, the interaction between the premor-
bid status, the maturation of neomembranes, and the dy-
namics of absorption and expansion influence the progres-
sion or regression of SDHs [32]. Unfortunately, there are no
clear clinical or radiological signs that indicate whether the
c¢SDH will resolve spontaneously or not. Some authors ad-
vocate that patients who have minimal neurological deficits
and lesions of small size with low or isodensity and ventric-
ular dilatation on computed tomography (CT) have a greater
chance for spontaneous resolution of their haematoma [33].
Others postulate that for patients with mild symptoms and
frontal haematomas [34], or for patients older than 70 years
with worsening mental function and brain atrophy, a wait
and scan regimen should be followed [29]. However these
conclusions are based on case reports or very small case
series (type C recommendation). To conclude, wait and
watch or wait and scan management is indicated in patients
with no or minor symptoms (Markwald score o0-1), or in
patients with a premorbid condition not allowing surgical
evacuation of cSDH (type C recommendation).

Corticosteroids

Corticosteroids inhibit the synthesis of various proinflam-
matory mediators, immune system cells, proinflammatory
enzymes, and the synthesis of nitric oxid and cyclooxygen-
ase. Vascular endothelial growth factor (VEGF), a potent
inducer of vascular permeability, was shown to be sup-
pressed by corticosteroids [8]. In addition, corticosteroids
stimulate inflammatory inhibitors like lipocortin, which
blocks phospholipase A, and ACE [35]. VEGF and ACE, as well
as other inflammatory and angiogenic mediators, were
shown to play a crucial role in the pathogenesis and
maintenance of ¢SDH [6]. Therefore, it is postulated that
corticosteroids reduce or even disrupt the inflammation-
induced angiogenic reaction in ¢SDH through the inhibition
of these inflammatory and angiogenetic factors [3]. This
theory is supported by a study in which cSDH was induced
in rats and thereafter treated with corticosteroids. The group
of rats treated with intramuscular injection of dexame-
thasone showed histologically no formation of neomem-
branes, in contrast to the untreated group where neomem-
branes were present [7].

The first study evaluating the nonsurgical treatment of
cSDH with corticosteroids was performed in 1974 by Bender
et al. [36]. This study, from the era before CT (diagnosis was
based on angiography), compared medical treatment (n = 75;
prednisone 60 mg orally for a few days, thereafter reduction
of dose by 10 mg every 3 days) to medical and surgical

treatment (n = 22) and surgical treatment only (n = 88). Of
the 75 patients treated medically, 22 were considered as
medical failure and therefore underwent operation. The
medically treated group showed no mortality and poor
outcome in two cases, whereas in the surgical group 12
patients died and 7 had poor outcome. Based on these re-
sults the authors recommend surgery as the first choice of
treatment in comatose or progressively worsening patients,
whereas treatment with corticosteroids should be started in
all other patients and when the response is good, should
remain the only treatment (type C recommendation). A
retrospective study by Pichert et al. in 56 patients treated
medically with corticosteroids (regimen unknown) showed
a favourable outcome in 83%, whereas 8 patients eventually
required surgical drainage [37]. They concluded that con-
servative treatment with corticosteroids can be recom-
mended in patients without distinct focal symptoms and
nonsoporose or noncomatose patients (type C recommen-
dation). In 2005, a prospective cohort study of 112 patients
with ¢SDH was conducted, in which 26 patients were treated
with corticosteroids (dexamethasone 4 mg four times a day
for 21 days), 69 patients were treated with burr hole drainage
and postoperative corticosteroids, 13 patients had with
surgical drainage alone, and 4 patients received neither
surgery nor corticosteroids [38]. In the corticosteroid group,
one patient (4%) required burr hole drainage after 1 month
and in surgical group recurrence was seen in three patients
(4%), with no significant difference between the groups. In
the group without any treatment, two out of four patients
ultimately required surgical drainage. Hospitalisation time,
outcome and mortality were comparable in the steroid
group, the steroid plus surgical drainage group, and the
surgical drainage only group. Significant steroid-related
complications were not reported, and two diabetic patients
treated with steroids required additional insulin therapy for
optimal diabetic control only during the treatment period.
The authors conclude that corticosteroids might be a valid
alternative for patients with cSDH not suitable for surgical
drainage. However, large randomised studies are needed to
confirm these suggestions (type C recommendation). In
2009, Delgado-Lépez et al. compared, in a retrospective
manner, a conservative regimen of corticosteroids (patients
with MGS 0-2, dexamethasone 4 mg every 8 hours for 48-72
hours, if patient showed improvement discharge and dose
reduction by 1 mg/day every 3 days) with a surgical regimen
with twist drill craniostomy (patients with MGS 3-4) [s5].
Patients treated with steroids showed a good outcome in
96% of the cases, whereas 93% of patients treated operative-
ly showed favourable outcome. The median hospital stay
was shorter in the dexamethasone group (6 vs 8 days). Med-
ical complications occurred in 27% of the patients treated
with corticosteroids, most commonly mild hyperglycaemia
and nosocomial infections. In two thirds of the patients
treated conservatively surgery was avoided. The authors
concluded that corticosteroids were effective in 67% of the
cases and are therefore a safe and feasible conservative
treatment for patients presenting with c¢SDH and a MGS of
0-2 (type C recommendation) [5]. A meta-analysis by Al-
menaver et al. showed no significant difference in recur-
rence rate, morbidity and mortality for patients treated with
corticosteroids when compared with surgical treatment
(type B recommendation) [39]. The authors commented,
however, that these findings should be interpreted cautious-
ly since the number of studies included was small and fur-
ther studies are warranted. Lastly, a recent prospective study
evaluated the role of corticosteroids (dexamethasone 4 mg
every 8 hours for 3 days, if successful dose tapering for 4
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Table 2: Proposed radiological grading system of cSDH for evaluating
the success of corticosteroid treatment (adapted from Thotakura et al.
[40]).

Size based on midline shift*

Small (no midline shift) 0
Medium (<5 mm) 1
Large (5-10 mm) 2
Massive (>10mm) 3
Density based on HU in CT scan
<30 0
31-40 1
>40 2

¢SDH = chronic subdural haematoma; CT = computed tomography;
HU = Hounsfield units
* Bilateral cSDH — one extra point to be added

weeks) as a medical treatment for ¢cSDH in 26 patients [40].
In 15 cases (10 patients after 3 days, 5 patients at 3-6 weeks)
burr-hole drainage was eventually needed, whereas the
remaining 11 patients were completely relieved of symp
toms and showed near total or total resolution of the cSDH
on CT after 6-8 weeks. Two patients developed steroid-
related complications. Gender, midline shift, thickness of
haematoma and Hounsfield units of the haematoma on CT
showed statistically significant differences when the failure
group was compared with the success group. The authors
then proposed a radiological grading scale (table 2) that can
help predict the chance of successful treatment with corti-
costeroids. They conclude that in patients with low grades
(0-2) corticosteroid treatment might be more successful
than in high grades (4 and 5) [40]. A pilot randomised con-
trolled trial recently initiated in Canada enrolled 10 patients
treated with steroids (dexamethasone 4 mg three times a
day for 3 weeks with tapering for a week) and 10 patients
who received placebo. The study was terminated after 20
patients had been recruited because 80% of the patients
receiving steroids suffered a serious adverse event as op-
posed to 10% of the patients in the placebo group [41].

Table 3 summarises the studies evaluating corticosteroids as
a medical treatment modality for ¢cSDH. In addition, multi-
ple case reports have been published suggesting corticoster-
oids for the treatment of cSDH [42].

Corticosteroids as an adjuvant treatment to surgical drain-
age of cSDH have been explored in one meta-anlysis [39]
and a few observational studies [27, 43—45].

In summary, although it appears that corticosteroids might
play a role in the conservative treatment of cSDH, well de-
signed studies supporting their use are lacking. Moreover,
the ideal dosage and duration of treatment is still unclear,
and the ideal patient group for this particular treatment is
still to be determined in large prospective studies [3, 5, 40]. It
seems that in patients with lower MGS (e.g., 0-2), patients
with a low radiological grading (0-2), patients refusing oper-
ation, or inoperable patients, medical treatment with corti-
costeroids (dexamethasone 4 mg every 8 hours) might be a
valid alternative to surgery (type C recommendation). The
role and efficacy of corticosteroids as a medical treatment
still need to be ascertained through large prospective ran-
domised studies [46].

Angiotensin converting enzyme inhibitors

The effect of ACE inhibitors on the course of cSDH remains
unclear. ACE inhibitors are used for the treatment of arterial
hypertension, but also for pathologies with increased angio-
genic activity such as Kaposi’s syndrome and diabetic reti-
nopathy [47]. On the basis of the angiogenic hypothesis of
cSDH, it is assumed that ACE inhibitors might lower the risk
for developing a cSDH and for its recurrence [47, 48]. How-
ever, contrary data have been presented, since ACE inhibi-
tors are known to increase the levels of bradykinin, the end

product of the kallikrein-kinin system. Bradykinin, a vasoac-
tive peptide, induces both permeability and vasodilatation,
and leads to blood extravasation from the neomembranes
in cSDH, leading to an enlargement of the haematoma [49].
Studies evaluating ACE inhibitors as a conservative medical
treatment for ¢cSDH do not exist. However, three studies
evaluated the effect of ACE inhibitors during the postsurgi-

Table 3: Studies evaluating the treatment of cSDH with corticosteroids: results and recommendations.

Study Dosage Treatment | Eventually | Recommendations Type
groups surgical
(n (%)
Bender et al. 1974 Prednisone 60 mg orally for a few C(n=75 |22(29.3%) Surgery first choice of treatment in coma- C
[36] days, thereafter reduction of dose by CS(h=22) tose or progressively worsening patients, for
10mg every 3 days S (n=88) the rest treatment with corticosteroids
Pichert et al. 1987 Unknown C(nh=56) |8(14.3%) Recommended in patients without distinct C
[37] focal symptoms and nonsoporose or
noncomatose patients
Sun et al. 2005 [38] Dexamethasone 4 mg four timesaday |C (n=26) |1 (4%) Corticosteroids might be a valid alternative C
for 21 days CS (n =96) for patients with cSDH not suitable for
S(n=13) surgical drainage
N (n =4)
Delgado-Lopez et al. | Dexamethasone 4 mg every 8 hours C(n=101) |22(21.8%) Safe and feasible conservative treatment for | C
2009 [5] for 48-72 hours; if patient showed S(n=19) patients presenting with cSDH and a MGS of
improvement, discharge and dose N (n=2) 0-2
reduction by 1 mg/day every 3 days
Almenawer et al. n.a. (meta-analysis) C,S RR for No significant difference in recurrence rate, B
2013 [39] (total n = surgery 1.07 | morbidity, and mortality for corticosteroids
315) (n.s.) when compared with surgical treatment
Thotakura et al. 2015 | Dexamethasone 4 mg every 8 hours C(n=26) 15 (567.7%) Recommended in patients with radiological C
[40] for 3 days; if patient showed im- grading of 0-2 (sometimes 3)
provement, discharge and dose reduc-
tion for 4 weeks
¢SDH = chronic subdural haematoma; C = corticosteroids only; CS = corticosteroids plus surgery; S = surgery only; N = no treatment; MGS =
Markwalder grading score; n.a. = not applicable; n.s. = non-significant; RR = relative risk
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Table 4: Studies evaluating the treatment of cSDH with various conservative treatment modalities: results and recommendations.

Treatment Recommendation

Type | Reference
(number of patients in-
cluded)

ACE inhibitors

ACE inhibitors only evaluated as adjuvant treatment to surgery B/C
Effect on recurrence remain debatable
Role as sole conservative treatment unknown

Weigel et al. [47] (310)
Poulsen et al. [48] (47)
Neidert et al. [49] (203)

Tranexamic acid Good efficacy

Unknown risk for thromboembolic events

C Kageyama et al. [50] (21)

Mannitol
Long treatment duration

Seems an effective conservative treatment modality C

Suzuki et al. [23] (20)
Kinjo et al. [51] (23)

Platelet activating factor receptor Seems to promote resolution of cSDH C Hirashima et al. [62, 53] (53,
inhibitor In patients with hygromas and no paresis 39)
Statins Atorvastatin seems to be a safe and cost-effective alternative so C Lietal. [54] (n.a.)

surgery

In asymptomatic or mild symptomatic patients

Wang et al. [55] (23)
Min et al. [56] (7)

ACE = angiotensin converting enzyme; cSDH = chronic subdural haematoma; n.a. = not applicable

cal course of cSDH. Weigel et al. showed a lower recurrence
rate of cSDH after surgical drainage in patients treated with
ACE inhibitors for hypertension. They concluded that ACE
inhibitors lower recurrence rate and might even lower the
risk of developing a cSDH [47] (type C recommendation). In a
randomised controlled study in which an ACE inhibitor
(perindopril) was given for 3 months postoperatively and
compared with placebo, no significant difference in recur-
rence rates was seen [48]. The authors concluded that ACE
inhibitors do not lower recurrence rates after surgical drain-
age of cSDH (type B recommendation). Unfortunately, other
studies evaluating the effect of ACE inhibitors as adjuvant
treatment with the surgical evacuation of c¢SDH and as
stand-alone conservative treatment do not exist. Based on
the available data, the benefit of ACE inhibitors as an adju-
vant treatment to the surgical evacuation of cSDH is ambig-
uous. ACE inhibitors do not seem to reduce the recurrence
rate of cSDH and cannot be recommended at this point (type
B recommendation). Studies examining the efficacy of ACE
inhibitors as a stand-alone conservative treatment do not
exist and therefore no recommendation can be made (table
4). Further studies evaluating the benefit of ACE inhibitors
as a conservative treatment option for cSDH are warranted

[4].

Tranexamic acid

Fibrinolytic and coagulative hyperactivity seem to play a
role in the liquefaction and progression of ¢SDH [50]. In
addition, increased permeability of the capillaries in the
outer haematoma membrane lead to microbleeds that
influence haematoma growth [4]. The kallikrein system,
which is activated by plasmin, induces inflammation and
therefore increases vascular permeability and leucocyte
migration, and was found to be present in the outer mem-
brane of ¢SDH [50]. Tranexamic acid has an antifibrinolytic
effect via inhibition of plasminogen activator and plasmin.
Therefore, it is hypothesised that tranexamic acid might
inhibit the hyperfibrinolytic activity and the increased
vascular permeability in cSDH, leading to a gradual absorp-
tion of the haematoma [50]. Based on these assumptions, a
retrospective study analysing the influence of tranexamic
acid on cSDH managed conservatively was conducted by
Kageyama et al [50]. They showed, in 18 patients treated
with 750 mg of tranexamic acid once a day, a complete
resorption of all haematomas and therefore concluded that
tranexamic acid might be a valid conservative treatment for
cSDH (type C recommendation). Adverse events associated

with tranexamic acid were not seen in their cohort. Howev-
er, patients with anticoagulation were excluded from the
study, and therefore the effect of tranexamic acid on antico-
agulated patients remains unknown; in these patients
tranexamic acid should be applied with caution. To date the
role of tranexamic acid in the treatment of cSDH is still
uncertain; in particular, its effect on the resorption of cSDH
and the adverse event rate, especially in patients at risk for
thromboembolic events, is still to be evaluated in larger
studies and therefore recommendations cannot be made
(table 4). A placebo-controlled phase IIB randomised con-
trolled (TRACS) aiming to determine whether tranexamic
acid can increase the rate of resolution and lower the need
for surgical evacuation of cSDH when treated conservatively
is currently ongoing [57].

Mannitol

Mannitol is an osmotic diuretic used for the treatment of
increased intracranial pressure [23]. In cSDH it was hypothe-
sised that the haematoma increases as a result of an osmotic
gradient within the haematoma capsule. Consequently,
increase of haematoma produces strain to the capsule,
leading to microbleeds and further enlargement of the
haematoma. Reduction of haematoma pressure using man-
nitol might prevent this chain of events, stopping the con-
tinuous rebleeding inside the haematoma cavity and ulti-
mately allowing spontaneous resorption of the haematoma
[23]. Based on these assumptions, Suzuki et al. administered
a 500-1000 ml mannitol drip (20%) daily as a conservative
treatment modality for ¢cSDH [23]. Of 23 consecutive pa-
tients, 22 showed decreasing haematoma volume and com-
plete neurological recovery at follow up, whereas in one case
burr hole drainage was needed after 12 days of mannitol
treatment. The duration of mannitol treatment ranged from
12 to 106 days, which is definitely a drawback of this treat-
ment. The authors concluded that mannitol can be used for
the conservative treatment of cSDH. They recommend using
a dose of 1000 ml, since it showed better results than a dose
of 500 ml, and if the treatment does reduce symptoms after
3 to 4 days, surgical evacuation should be undertaken im-
mediately (type C recommendation). In another study from
Japan, 20 patients treated with mannitol (20%) 1000 ml daily
intravenously for 2 weeks were screened. During the first
and second week of treatment, four patients showed aggra-
vated symptoms. However, at the end of follow-up all, cases
were asymptomatic and after 5 months there was complete
resolution of all haematomas on CT [51]. These results sug-
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gest that mannitol may have a role in the conservative
treatment of ¢SDH, but on the basis of available data rec-
ommendations cannot be made (table 4).

Platelet activating factor receptor antagonist

Inflammation seems to play a major role in the pathogene-
sis of cSDH [52, 53]. Platelet activating factor (PAF), a highly
potent lipid mediator of inflammation, has been shown to
be involved in the formation and growth of cSDH [53]. Eti-
zolam, a PAF receptor antagonist, has been shown to atten-
uate the recurrence rate after burr hole drainage of cSDH
[52]. A study including 62 patients diagnosed with ¢SDH and
showing only mild symptomatic (no paresis, no herniation),
were alternately assigned to a treatment group (etizolam 3
mg per day for 14 days) and to a control group in a prospec-
tive manner. Because of drop-outs, 53 patients were includ-
ed in the final analysis, 24 in the treatment group and 29 in
the control group. Surgery was needed in 54% and 93% of
the treatment and control groups, respectively, a significant
difference (p = 0.001). Multivariate logistic regression analy-
sis showed significant negative correlation between eti-
zolam treatment and low density of the haematoma on CT
and significant positive correlation between preoperative
paresis and the requirement for surgery. The authors con-
cluded that etizolam can promote the resolution of ¢SDH,
especially in patients with hygromas or low-density haema-
tomas on CT and without paresis at presentation (type C
recommendation) (table 4) [52]. To date, there are no further
studies investigating the efficacy of a PFA receptor antago-
nist as conservative treatment for cSDH.

Statins

Previous reports indicate that statins promote angiogenesis
and restrain inflammation [54, 55]. A study in rats showed
that resolution of the SDH and neurological recovery of the
rats treated with atorvastatin was faster and better than in
rats treated with saline [54]. In addition, microscopic exam-
ination of the membranes showed a higher density of CD31"
neovasculature, lower levels of interleukin-6, tumour necro-
sis factor-o and VEGF, and lower number of neutrophil
granulocytes in the atorvastatin group. The authors con-
cluded that the inflammatory modulation induced by
statins in rats eliminated the SDH and improved neurologi-
cal recovery [54]. Based on similar assumptions, Wang et al.
conducted a prosepective study including 23 patients who
were treated conservatively for cSDH with atorvastatin (oral
dose of 20 mg once a day for 1-6 months), [55]. Of the 23
patients, one underwent surgery because of neurological
deterioration after 4 weeks of conservative treatment, and
in the remaining 22 patients a significant reduction in hae-
matoma volume was seen within the first month of treat-
ment [55]. None of these 22 patients had a relapse during the
36 months of follow-up and no atorvastatin adverse effects
were documented [55]. The results suggest that atorvastatin
is a safe and cost-effective alternative to surgical treatment
(type C recommendation) [55]. An additional study analysed
the effect of atorvastatin as a conservative treatment (oral
dose of 20 mg once a day for 1-6 months) and as an adjuvant
treatment to surgery. In the seven patients treated conser-
vatively a significant haematoma reduction was seen after 1
month; at 6 months all haematomas had disappeared. None
of the patients required surgical evacuation [56]. In addition,
when atorvastatin was used as adjuvant treatment in 39 of
the 102 surgical patients, a significant difference in outcome
in favour of the atorvastatin group was seen [56].

To conclude, it seems that atorvastatin is a valid and safe
option for the conservative treatment of asymptomatic or
mildly symptomatic cSDH patients (type C recommenda-
tion) [55, 56]. Further prospective studies with bigger co-
horts are needed in order to determine the true value of
statins in the conservative treatment of cSDH (table 4). A
multicentre, randomised, placebo controlled, double-blind
clinical trial evaluating the efficacy and safety of atorvas-
tatin as a conservative treatment of ¢SDH is planned by
Jiang et al [58].

Conclusion

The natural history of ¢cSDH remains unknown. In addition,
we cannot predict which patients may be valid candidates
for conservative treatment. It seems that patients present-
ing with ¢SDH and a MGS of 0-2 might benefit from con-
servative treatment. In the case of large asymptomatic
haematomas and small symptomatic haematomas, the
preferred treatment remains surgery, even though the effect
of conservative treatment in these cases is poorly analysed.
Therefore, further studies elaborating on the natural history
and pathophysiology of cSDH, exploring the factors effect-
ing its growth and its clinical evolution, and evaluating
conservative treatment modalities are essential.

In general, studies evaluating the natural history and con-
servative treatment of ¢cSDH remain sparse and are predom-
inantly of low evidence level. Steroids and tranexamic acid
seem to be promising conservative modalities to treat cSDH.
However, the efficacy of these medications is still based on a
poor grade of evidence (mostly evidence grade III). Steroids
have been shown to be a good alternative to surgery even in
symptomatic patients who are not progressing or present in
a comatose state (type C recommendation). Series evaluat-
ing tranexamic acid show a good efficacy, but these series
are very small and it remains unknown whether tranexamic
acid increases the risk of thromboembolic events in patients
treated with antithrombotic or anticoagulant medication.
ACE inhibitors were evaluated as only adjuvant therapy to
surgery, and their effect on recurrence rate remains debata-
ble. Even though ACE inhibitors lower VEGF levels in the
haematoma cavity their efficacy in treating cSDH remains
unclear. Mannitol seems an effective conservative treat-
ment modality; however, these data too are based on small
retrospective case series and the long treatment duration is
a major drawback. A platelet activating factor receptor an-
tagonist was shown, with a low evidence grade, to promote
the resolution of cSDH, especially in patients with hygromas
or low-density haematomas on CT and without paresis at
presentation. Lastly, atorvastatin seems to be a valid and
safe option for the conservative treatment of asymptomatic
or mildly symptomatic cSDH patients.

The recurrence rate after surgical evacuation of cSDH still
remains relatively high (7-20%) [22]. With the help of an
adjuvant postoperative treatment these rates might be
lowered, although the role of medications (e.g., steroids,
mannitol, etc.) as adjuvant therapy to the surgical evacua-
tion of ¢SDH still remains ambiguous. This aspect of con-
servative treatment is still to be explored.

It seems that, especially in patients with few symptoms or in
polymorbid patients at a high operation risk, conservative
treatment might be a good alternative to surgery. However,
further evidence-based research in this field is needed be-
fore definitive recommendations can be made. Recently, a
number of prospective studies, which will hopefully provide
us with high level evidence for the various conservative
treatment modalities of cSDH, have been initiated (table 5).
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Table 5: Ongoing studies investigating various conservative treatment modalities for chronic subdural haematoma.

Rationale Study design Status | Anticipated num- Trial registration
ber of patients ID

Treatment of chronic subdural haematoma by corticosteroids PR, DB, PC NYR 202 NCT02650609

Dexamethasone versus burr hole craniostomy for symptomatic chronic PR, SB R 300 NCT02111785

subdural haematoma

Effect and safety of atorvastatin to treat chronic subdural haematoma PR, DB, PC R 200 NCT02024373

The clinical study of atorvastatin and dexamethasone on treatment for PR, SB NYR 60 NCT02192320

chronic subdural haematoma in the patients with coagulation disorders

Tranexamic acid in chronic subdural haematomas (TRACS) PR, DB, PC 130 NCT02568124

Interest of oral corticosteroids in the treatment of chronic subdural hae- PR, DB, PC 340 NCT01380028

matomas (hemacort)

A study on the safety of tranexamic acid for the chronic subdural haema- | Open label R 50 NCT02618382

toma population

The efficacy of dexamethasone on reduction in the reoperation rate of PR, DB R 820 EudraCT

chronic subdural haematoma — the DRESH study PC 201100354442

A randomised, double blind, placebo-controlled trial of a 2-week course of | PR, DB, PC R 750 ISRCTN 80782810

dexamethasone for adult patients with a symptomatic chronic subdural

haematoma (Dex-CSDH trial)

DB = double blind; NYR = not yet recruiting; PC = placebo controlled; PR = prospective randomised; R = recruiting; SB = single blind
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