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Chronic subdural hematoma: a
variable clinical picture asking
for tailored treatment.

General introduction and outline of the thesis

Partly published in: Chronic subdural hematoma: a variable clinical picture
asking for tailored treatment. Miah IP, Peul WC, Jellema K, Holl DC, Blaauw J,
Van der Gaag NA. Ned Tijdschr Geneeskd. 2021;165:D5731



10 | CHAPTER 1

Epidemiology

A chronic subdural hematoma consists of an encapsulated collection of blood
and blood degradation products in the subdural space, located between the
outer two meninges of the brain, the arachnoid and dura mater (figure 1) [1].
Chronic subdural hematoma is a common neurologic disorder and a frequently
occurring pathological entity requiring surgery in daily neurosurgical practice.
An estimated 1-year incidence is 5-58/100.000 and highest among elderly with
a mean age of 70-75 years [2-6]. The incidence is expected to increase due to
the ageing population and the increasing use of anti-thrombotic therapy
[7,8]. A chronic subdural hematoma is often preceded by a head trauma
and predominantly affects males with an approximately 3:1 male to female
ratio [9-10]. Bilateral chronic subdural hematoma occurrence is present in
approximately 19% of cases [9,11].

Subarachnoid space

Dura mater

Arachnoid mater
Subdural hematoma

Left cerebral hemisphere

Skull
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Figure 1. Chronic subdural hematoma



The mainstay diagnostic modality for chronic subdural hematoma is computed
tomography (CT). A chronic subdural hematoma appears as a mainly hypodense
(< 30 Hounsfield units), isodense (30-40 Houndsfield units) or slightly hyperdense
(40-50 Houndsfield units), crescent shaped fluid collection along the convexity
[12-14]. Hyperdense components may be present, but compromise less than
1/3rd of the hematoma [figure 2]. There are still no (radiological) diagnostic
criteria present for chronic subdural hematoma. An important radiological
mimic of a chronic subdural hematoma is a subdural hygroma which consists
of a subdural collection of cerebrospinal fluid, has the same density as cerebral
spinal fluid (~0 Houndsfield units) and exerts no pressure on brain parenchyma
[15]. Radiologically subdural hygroma can be indistinguishable from chronic
subdural hematoma and the distinction remains a matter of debate. A density
appearance higher than cerebrospinal fluid as well as mass effect on brain
parenchyma, corresponds best with a chronic subdural hematoma. A second
important radiological differential diagnosis is a subdural empyema consisting
a suppurative collection which has a similar CT appearance to chronic subdural
hematoma [16]. The distinction is best made with additional clinical information
such as the presence of fever or a subfebrile condition after an upper airway
infection (sinusitis, mastoiditis, otitis), trauma or cranial surgery.

Symptoms of chronic subdural hematoma are heterogeneous, and symptom
onset and progression vary from days to weeks. Symptoms are most likely
caused by the degree of compression of healthy brain parenchyma, and may
range from no or transient symptoms, to headache, cognitive disturbances,
(severe) focal neurological deficits or even coma [17]. To classify symptom
severity the Markwalder Grading Scale score was developed in 1981 [18]. This
scale consists of five ordinal categories ranging from no symptoms (Markwalder
Grading Scale score 0) to a comatose condition (Markwalder Grading Scale score
4; table 1). The Markwalder Grading Scale score is mainly used for research
purposes to indicate symptom severity of chronic subdural hematoma patients.




Markwalder Grading Scale

Grade Neurological symptoms
0 Patient neurological normal.
1 Patient alert and oriented; mild symptoms such as headache; absent of mild

neurological deficit such as reflex asymmetry.

2 Patient drowsy (defined as Glasgow Coma Scale, GCS, score: 13-14) or disoriented
with variable neurological deficit, such as hemiparesis.

3 Patient stuporous (defined as GCS 9 - 12) but responding appropriately to noxious
stimuli; severe focal signs such as hemiplegia.

4 Patient comatose (GCS 8 or lower) with absent motor responses to painful stimuli.

Two possible pathophysiological pathways have been postulated for chronic
subdural hematoma formation [19, 20]. The first pathway includes the
formation of an acute subdural hematoma due to tearing of bridging veins
traversing the brain from the dural venous system, causing an accumulation
of venous blood within the subdural space. Over time, if hematoma absorption
is insufficient, this acute subdural hematoma may develop into a hematoma of
older age resulting in a chronic subdural hematoma. The second pathway of
chronic subdural hematoma formation consists of an inflammatory response
in the subdural space. The majority of patients developing a chronic subdural
hematoma, initially show normal (cranial) imaging after a head trauma and
roughly 40% of patients do not even experience a head trauma [21]. This
patient category becomes symptomatic in several weeks, a time line which is
much slower than the assumed venous hemorrhages which would accumulate
within days and cause focal neurological symptoms on shorter notice. This
subpopulation emphasizes the importance of the second pathway of chronic
subdural hematoma - formation: a chronic inflammatory response in the dura
mater [22].

Any form of injury (i.e., trauma, infection, cellular injury) can cause the lining
cells of the dura to split from the subsequent layer of arachnoid barrier cells
resulting in cerebral spinal fluid leakage. An inflammatory response is then
incited to aid tissue repair, but in chronic subdural hematoma this reaction is
sustained resulting in fibrin exudation by the dural border cells and formation
of neomembranes and neocapillaries [23-28]. These structures produce high
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concentrations of several angiogenic factors of which vascular endothelial
growth factor (VEGF) is one of the key factors, and are vulnerable for rupture
resulting in further progression of the inflammatory response and hematoma
enlargement. Inflammatory mediators also stimulate vascular permeability and
the release of tissue plasminogen activator (t-PA) as well as thrombomodulin
from endothelial cells, causing an increase in fibrinolytic activity by activation
of plasminogen and further contributing to hematoma increase [29-30]. This
cascade of inflammation, angiogenesis and hyperfibrinolysis, is well illustrated
by a chronic subdural hematoma - cycle that is responsible for hematoma
maintenance and enlargement (figure 3).

Risk factors that are thought to contribute to the development of chronic
subdural hematoma are advanced age, cerebral atrophy, (minor) head trauma,
low intracranial pressure states and coagulopathies due to antithrombotic
therapy or an underlying systemic disease [11, 31-37].

Treatment

Todatenouniform treatment guideline exists. Treatment varies from observation
only in asymptomatic or mildly affected patients, to pharmacological or surgical
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Figure 3. Pathophysiology chronic subdural hematoma — inflammatory cycle



treatment in symptomatic patients, with primary surgery in case of severe
symptoms [17]. This results in a wide variation in clinical practice worldwide.
Surgery is still the mainstay treatment and expected to become one of the most
common performed neurosurgical procedures in 2030 due to the rise in chronic
subdural hematoma incidence [38]. The main surgical procedure consists of a
twist-drill or burr hole craniostomy, with either general or local anesthetics.
One or two burr-holes are drilled in the maximum width of the hematoma
depending on the hematoma configuration. The use of a closed system drainage
after burr hole evacuation during 24-48 hours reduces the rate of chronic
subdural hematoma recurrences significantly by half [9, 39]. Despite optimizing
surgical techniques, surgery is still associated with complications (i.e., wound
infections, hemorrhages in surgical trajectory) in 1-16%, recurrences up to 30%
and mortality of 3-32% [9, 39-43]. The establishment of an optimal treatment
strategy for chronic subdural hematoma is therefore an important focus of
attention.

Although surgery is the main treatment in symptomatic patients, a conservative
(pharmacological) approach seems an interesting alternative or add-on to
surgery to optimize clinical outcome in this elderly and vulnerable patient
population. To counteract the above mentioned chronic subdural hematoma
cycle, several pharmacological agents have been reported as an alternative
therapy by their inhibitory actions on inflammation, angiogenesis and
hyperfibrinolysis (table 2).

As shown in table 2, most studies are performed with corticosteroids as a
conservative treatment modality in chronic subdural hematoma. In the
following paragraph, the evidence of corticosteroids as monotherapy, that led to
the initiation of the studies in this thesis, will be evaluated in more detail.

The most widely used pharmacological agent in chronic subdural hematoma
are corticosteroids and in particular dexamethasone. Dexamethasone is
a synthetic version of an endogenous steroid hormone with strong anti-
inflammatory properties by inhibition of pro-inflammatory transcription
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factors [70]. One of its applications in neurological patients has been in the
reduction of cerebral oedema secondary to structural intracranial lesions such
as neoplasia [71]. In addition to the anti-inflammatory effects, corticosteroids
are capable of preservation of vascular endothelial barrier integrity. Through
upregulation of several endothelial junctional proteins and down-regulation
of specific enzymes responsible for junctional protein cleavage, a reduction in
vascular permeability is established and hence fluid accumulation around i.e.
brain tumors [70]. The postulated effect of dexamethasone in chronic subdural
hematoma therefore might be caused by a dual mechanism through inhibition
of the inflammatory response in the subdural space and prevention of fluid
exudation and bleeding from premature vessels seen in neomembranes.

The use of corticosteroids in chronic subdural hematoma as monotherapy
was first described in 1974 by Bender [48]. In this study 185 symptomatic
patients received primary surgical or different forms of conservative
(medical) therapy. In total 27, mainly mildly symptomatic patients, received
corticosteroid monotherapy with prednisolone 60 mg daily or an equivalent
dose of dexamethasone during 21 days, and reached good clinical recovery.
The authors conclude chronic subdural hematoma may spontaneously resolve
and hematoma resolution might be facilitated with steroids, which seems a safe
option in mildly symptomatic patients. A second cohort study of 66 symptomatic
chronic subdural hematoma patients was published in 1987 [49]. In this study,
the majority was treated with monotherapy dexamethasone (46/66), seven
patients were treated with dexamethasone combined with surgery and thirteen
with surgery alone. Steroid-treated patients received 16 mg of dexamethasone
daily, which was slowly tapered with a treatment duration of 8 weeks. In total
83% of patients treated with dexamethasone monotherapy were symptom-free
and the authors postulate corticosteroid treatment can be recommended if
strict guidelines are observed. A few years later two additional cohort studies
were published in 2005 and 2009. These studies reported on clinical outcome in
112 and 122 patients after either surgery alone, post-operative dexamethasone,
dexamethasone monotherapy, or initial dexamethasone with additional surgery
[50, 52]. In the first study dexamethasone was dosed 16 mg daily during 21 days
and in the second study 12 mg daily during three days, tapered by 1 mg a day.
A favorable functional outcome, expressed by a Glasgow Outcome Scale score
(GOS) of 4-5 or Markwalder Grading Scale score 0-2, was reported in 84% at



six months and 96% at six weeks in the dexamethasone — group respectively.
In the surgical group however, favorable outcome was reported in 75-93% of
patients. Based on these results, the authors recommended dexamethasone
therapy as a conservative alternative treatment strategy in selected patients.
In 2015 a cohort study was performed in 26 symptomatic patients with chronic
subdural hematoma [55]. All patients received initial dexamethasone therapy
in a dosing scheme of 12 mg daily during three days, which was tapered in four
weeks, combined with 30 mg prednisolone daily which was tapered in three
weeks. In total 42% achieved complete recovery with steroid monotherapy,
with the remaining 58% requiring additional surgery. After analyzing the
dexamethasone-success group, the authors conclude patients with low grade
chronic subdural hematoma (lesser hematoma thickness and midline shift)
can be successfully treated by dexamethasone. Finally, in 2016 the results of
a first randomized pilot study were published in which ten patients received
dexamethasone and ten placebo treatment. Dexamethasone was administered
in a daily dose of 12 mg for three weeks followed by tapering. The success rate
(no need for additional surgery) was 60% (6/10) in the dexamethasone group
versus 70% (7/10) in the placebo group. The complication rate however was
significantly higher after dexamethasone therapy. The authors conclude no
beneficial effect of dexamethasone compared to placebo.

Based on these data and expert-opinion, dexamethasone has been applied as an
alternative or adjuvant to surgery for chronic subdural hematoma treatment.
The following two cases illustrate the treatment variation in daily clinical
practice and observed treatment effect of both surgery and conservative
therapy with dexamethasone.

Patient A, a 69-year-old man, was referred to the emergency department by his
general practitioner because of a gradually progressive headache and memory
complaints. The patient hit his head against an air conditioner while he was on
holiday four weeks earlier. Since then, he experienced a nagging pain in the
forehead. The symptoms progressed and since the last week he felt slower in his
movements and thinking, had problems articulating and he also experienced
weakness in the left arm and leg. Due to these symptoms, he was no longer able
to perform his work as a manager in the healthcare sector.




The patient had a history of hypertension, hypercholesterolemia and
atherosclerosis. He wused carbasalate calcium 100 mg once daily as
cardiovascular risk management.

On neurological examination we noticed an impaired articulation and a
left-sided hemiparesis. In view of the previous trauma and the gradually
progressive symptoms, we suspected a chronic subdural hematoma. A cranial
CT scan revealed a subdural hematoma with a maximum hematoma thickness
of 14 mm, with compression on the right hemisphere and displacement of brain
structures across the midline to the left (figure 4). We stopped his carbasalate
calcium and admitted the patient because of the progressive, debilitating
symptoms. The patient was treated the next day with a burr hole craniostomy
with subdural drainage. Immediately after the operation, the strength in his
left arm and left leg improved, his headache was considerably less and the
patient was able to walk independently without aids. The second day after the
operation, we removed the subdural drain and the patient was discharged home
the same afternoon. We resumed the carbasalate calcium therapy the next day.

At the outpatient clinic three months after the operation, his symptoms were

resolved except for the occasionally occurring problems maintaining his
balance. He was able to resume his work, fitness and travelling again.

falx cerebri

subdural hematoma septum pallucidum

Patient A - CT scan of chronic subdural hematoma at presentation



Patient B, a 75-year-old man, visited the general practitioner because of
increasing headaches with persisting nausea and vomiting for a week. He had
fallen with his head against a heater during the night three weeks earlier.
Since the past 24 hours, he experienced a slurred speech and his walking
deteriorated, causing him to fall frequently. Since the first fall, the patient
also experienced more difficulties with his memory. According to his wife,
his statements were not always correct. The patient had a history of atrial
fibrillation for which he used a vitamin K antagonist (acenocoumarol). The
general practitioner suspected a neurodegenerative disorder because of the
memory problems and the tendency to fall, but in view of the progression he
also took an intracranial hemorrhage or tumor into account. He referred the
patient to the emergency department. During the neurological examination, we
noticed a slurred speech and an unstable gait due to weakness of the left leg. We
suspected a chronic subdural hematoma given the head trauma and the use of
an oral anticoagulant. A cranial CT showed a subdural hematoma over the right
convexity with a maximum hematoma thickness of 21 mm and displacement
of the brain structures along the midline to the left (figure 5a). The measured
international normalized ratio (INR) value was 3.4. We ceased his anticoagulant
therapy, administered prothrombin complex concentrate as an antidote for
the vitamin K antagonist and admitted the patient to the ward. Because of
the minimal paresis of the left leg, we treated him with dexamethasone 8 mg
twice daily for four days, after which we lowered the dose by halve every three
days. On the second day of dexamethasone therapy, he clearly experienced
an improvement of his headache and his gait and speech gradually improved
during the following days. On day six of admission, the patient was discharged
home in good condition.

He continued physical therapy at home and completed his 19-days
dexamethasone tapering scheme. At the outpatient clinic 2 weeks after
admission, the headache had disappeared and he continued to experience
further improvement of his gait and balance.

A follow-up cranial CT showed a decrease in hematoma thickness and midline
shift (figure 5b). Based on the clinical and radiological improvement, we
decided to resume his anticoagulant therapy. During his second follow up at
the outpatient clinic three months later, the patient had recovered well and he
had recently been on vacation. Besides the residual complaints of fatigue and
memory, he did not experience any other impairments in daily living.
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falx cerebri

subdural hematoma Septum pallucidum

Figure 5. Patient B - CT-scan of chronic subdural hematoma at presentation (A), follow-up (B)

Both case reports describe symptomatic patients with similar symptom severity
on the Markwalder grading scale (score 2), who achieved good recovery
after two different treatment strategies. In patient A, surgery resulted in a
quick improvement of symptoms. Although the improvement occurred more
gradually with dexamethasone therapy in patient B, a favorable recovery
was achieved preventing an operation. To date no head-to-head comparison
has been made between dexamethasone therapy versus surgery in the
treatment of symptomatic patients with chronic subdural hematoma. As a
consequence, different treatment strategies are maintained between hospitals
for symptomatic patients, without any clarity on the most effective and safest
therapy. This emphasizes the necessity of high-quality studies and randomized
controlled trials. Therefore, we designed and initiated the DECSA trial, a
randomized controlled trial in which we compared the clinical effectiveness
of dexamethasone compared to surgery in symptomatic chronic subdural
hematoma patients.



Chronic subdural hematoma appearance on CT varies from hypo- to slightly
hyperdense relative to adjacent brain parenchyma [72]. The density reflects the
age of the hematoma due to the evolution of the blood degradation products,
with hypodense areas representing hematoma of older age and hyperdense
components more recent or active bleeding [73-75]. An accepted and frequently
used radiological classification system in clinical practice is based on hematoma
density, categorizing four types of chronic subdural hematoma: homogeneous
hypodense, -isodense, slightly hyperdense and mixed density hematoma
(figure 2). A second classification has been proposed by Nakaguchi and is based
on CT architecture types that describe the natural development of chronic
subdural hematoma from a homogeneous type, into a laminar, then separated
type and finally absorbed as a trabecular hematoma [76; figure 2]. In light of
the inflammatory pathogenesis hypothesis and forementioned radiological
subtypes reflecting a different hematoma age and stage of inflammation,
response to treatment, and in specific corticosteroids, could be different in the
various subtypes.

Many radiological (CT) parameters have been reported to be associated with
treatment effect on chronic subdural hematoma recurrence risk or functional
outcome [76-89]. A wide variety of parameters have been described to be of
prognostic value, including hematoma laterality, preoperative hematoma
thickness and midline shift, hematoma density and internal architecture types,
cerebral atrophy and hematoma volume. Due to the heterogeneity in data and
conflicting results, it is difficult to draw firm conclusions.

As with many neurological disease entities (i.e. neurovascular, -oncological
or demyelination), radiological appearance is used to initiate an appropriate
therapy which is expected to achieve the best possible functional outcome.
It is therefore of importance that this principle is also pursued for optimal
chronic subdural hematoma treatment, leading to tailored treatment measures
accomplishing personalized medicine. We have therefore performed a
systematic review and meta-analysis to explore the prognostic value of
radiological parameters in chronic subdural hematoma after surgical treatment.
Subsequently we have designed a prospective CT-study in dexamethasone
treated patients to assess whether the short-term radiological as well as clinical
response can be predicted by the baseline radiological hematoma appearance.




In this thesis we evaluate the efficacy of dexamethasone therapy in symptomatic
chronic subdural hematoma patients and explore the prognostic value of
baseline radiological hematoma characteristics in predicting treatment effect.

We start off in chapter 2 with a retrospective analysis of the efficacy of initial
dexamethasone therapy versus primary surgery on functional outcome in two
large Dutch neurosurgical centers, each with their own treatment protocol. This
chapter will set the grounds for the large multicenter randomized clinical trial -
DECSA -, that studies the effectiveness of initial dexamethasone therapy versus
primary surgery in achieving good functional outcome.

Chapter 3 provides the protocol publication of the DECSA trial, explaining the
choices that were made in designing the study. The results of the DECSA trial
are then presented in chapter 4.

After having provided the context and evidence of dexamethasone therapy
in symptomatic patients, we explore the prognostic value of radiological
parameters for treatment effect in chronic subdural hematoma with a
systematic review and meta-analysis of current literature in chapter 5.

Finally, in chapter 6 the outcomes of this review are implemented in a
prospective radiological sub-study in symptomatic chronic subdural hematoma
patients all treated with dexamethasone, to evaluate which radiological
hematoma subtype is most responsive to dexamethasone therapy.
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