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ORIGINAL ARTICLE CLINICAL STUDIES

Change in Hematoma Size after Dexamethasone
Therapy in Chronic Subdural Hematoma Subtypes:
A Prospective Study in Symptomatic Patients

Ishita P. Miah!* Anastassia Blanter;* Yeliz Tank?> Erik W. van Zwet?® Frits R. Rosendaal,”
Wilco C. Peul”* Ruben Dammers? Dana C. Holl® Hester F. Lingsma,” Heleen M. den Hertog,°
Joukje van der Naalt,' Korné Jellema; and Niels A. Van der Gaag®*

Abstract

The main treatment strategy for chronic subdural hematoma is surgical intervention. When a conservative
pharmacological approach is considered in symptomatic patients, mainly dexamethasone therapy is ap-
plied. Recent trials revealed dexamethasone therapy to be an ineffective treatment in symptomatic patients
with chronic subdural hematoma. Whether the efficacy of dexamethasone therapy differs in radiological
hematoma subtypes is unknown. The aim of this substudy was to identify which hematoma subtype
might be favorable for dexamethasone therapy. As part of a randomized controlled trial, symptomatic
chronic subdural hematoma patients received 19-days dexamethasone therapy. The primary outcome mea-
sure was the change in hematoma size as measured on follow-up computed tomography (CT) after 2 weeks
of dexamethasone in six hematoma (architectural and density) subtypes: homogeneous total, laminar, sep-
arated and trabecular architecture types, and hematoma without hyperdense components (homogeneous
hypodense, isodense) and with hyperdense components (homogeneous hyperdense, mixed density). We
analyzed hematoma thickness, midline shift, and volume using multi-variable linear regression adjusting
for age, sex and baseline value of the specific radiological parameter. From September 2016 until February
2021, 85 patients were included with a total of 114 chronic subdural hematoma. The mean age was 76 years
and 25% were women. Larger decrease in hematoma thickness and midline shift was revealed in hema-
toma without hyperdense components compared with hematoma with hyperdense components (adjusted
[ad]j.] b -2.2 mm, 95% confidence interval [CI] -4.1 to -0.3 and adj. b -1.3 mm, 95% Cl -2.7 to 0.0 respectively).
Additional surgery was performed in 57% of patients with the highest observed rate (81%) in separated
hematoma. Largest hematoma reduction and better clinical improvement was observed in chronic sub-
dural hematoma without hyperdense components after dexamethasone therapy. Evaluation of these pa-
rameters can be part of an individualized treatment strategy.

Downloaded by Leiden Univ Med Ctr Walaeus Library from www.liebertpub.com at 03/28/24. For personal use only.

Keywords: chronic subdural hematoma; computed tomography; CSDH; CT; dexamethasone; radiology

'Department of Neurology, Amphia Hospital, Breda, the Netherlands.

2Department of Neurology and Neurosurgery, *Department of Radiology, ®Department of Medical Statistics, ’Department of Clinical Epidemiology, Leiden University
Medical Center, Leiden, the Netherlands.

3Department of Neurology and Neurosurgery, Haaglanden Medical Center, The Hague, the Netherlands.

“Department of Neurology and Neurosurgery, Haga Teaching Hospital, The Hague, the Netherlands.

8Department of Neurosurgery, °Department of Public Health and Medical Decision Making, Erasmus Medical Center, Rotterdam, the Netherlands.

°Department of Neurology, Isala Hospital Zwolle, Zwolle, the Netherlands.

""Department of Neurology, University Medical Center Groningen, Groningen, the Netherlands.

*Address correspondence to: Ishita P. Miah, MD, Department of Neurology, Amphia Hospital, Molengracht 21, 4818 CK, Breda, the Netherlands E-mail: imiah@amphia.nl

228



Downloaded by Leiden Univ Med Ctr Walaeus Library from www.liebertpub.com at 03/28/24. For personal use only.

RADIOLOGICAL CHANGE AFTER DEXAMETHASONE IN CSDH 229

Introduction

Chronic subdural hematoma is a frequently encountered
neurological and neurosurgical disease with an increas-
ing prevalence in the elderly.'> The preceding event is
generally a head trauma with a higher risk of chronic sub-
dural hematoma development in patients using antith-
rombotic therapy compared with patients without this
therapy.“’5 The diagnosis is established with computed
tomography (CT), which reveals a crescent shaped fluid
collection in the subdural space with a hematoma density
that varies from hypodense to slightly hyperdense rela-
tive to adjacent brain parenchyma.® Hematoma density
appearance on CT reflects the chronicity of the hemorrhagic
degradation products, with hypodense areas representing
hematoma of older age and hyperdense components more
recent or active bleeding.7'9 In addition, CT architecture
types have been proposed to describe the natural develop-
ment of chronic subdural hematoma from a homogeneous
type, into a laminar, then separated type, and finally
absorbed as a trabecular hematoma.'”

The main treatment strategy of chronic subdural hema-
toma consists of surgical evacuation through burr-hole
craniostomy, which provides an immediate relief of pres-
sure on the ipsilateral hemisphere, resulting in a fast neu-
rological improvement.'" Surgical treatment is indicated
in symptomatic patients with impeding, progressive, or
severe neurological symptoms.

A conservative observational approach is generally con-
sidered in asymptomatic patients or patients with mild
symptoms such as headache only. Conservative pharmaco-
logical strategies, however, are also proposed as monother-
apy in symptomatic patients in an attempt to avoid surgery
and as adjunctive therapy to surgery to lower the post-
operative recurrence risk of 2-33%.'>** The main target
of these nonsurgical strategies is the postulated inflamma-
tory response in the subdural space, which could be respon-
sible for hematoma persistence and enlalrgement.zs’28

In current literature, most research has been performed
with the corticosteroid dexamethasone in symptomatic pa-
tients. The implementation of dexamethasone, however, is
highly variable in daily clinical practice and based on expert
opinion. Depending on the extent of clinical and radiologi-
cal improvement during the first days to weeks, the treating
physician decides whether the dexamethasone (tapering)
scheme can be safely completed or additional surgery is re-
quired to achieve good recovery. Potential dexamethasone-
related side effects, such as cognitive or behavioral distur-
bances or hyperglycemia, can also hamper treatment. In ad-
dition, a pharmacological approach usually requires an
intensive clinical and radiological follow-up to assess
whether sufficient improvement is achieved and if additional
surgery is still required. Clarity on the effectiveness of dexa-
methasone therapy is therefore of great clinical importance.

Recent randomized controlled trials (RCTs) revealed
poorer effect of dexamethasone therapy on functional

outcome compared with surgery in symptomatic patients
(IP Miah, Dexamethasone versus surgery for chronic sub-
dural hematoma, DECSA-trial: a randomized controlled
trial, 2022, in submission).”’ A proportion of patients in
the Dexamethasone therapy versus surgery for chronic sub-
dural hematoma (DECSA) trial (39%) did achieve a favor-
able functional outcome on dexamethasone monotherapy.
In surgical studies, higher recurrence rates and poorer func-
tional outcome in chronic subdural hematoma with hyper-
dense components or a separated or laminar architecture
type have been identified.’*® The response of specific
chronic subdural hematoma subtypes to dexamethasone
monotherapy has not been investigated. Theoretically, the
response to dexamethasone therapy could be different in
light of the inflammatory pathogenesis hypothesis with ra-
diological subtypes reflecting a different hematoma age
and stage of inflammation. Little is known about the radio-
logical and associated clinical short-term effects of initial
dexamethasone therapy. This information, however, is es-
sential in defining subsequent treatment.

The aim of this study is to identify which radiological
chronic subdural hematoma subtype is most responsive to
dexamethasone therapy as evaluated on CT and whether
this subsequently contributes to clinical improvement.
The present radiological evaluation is a post hoc analysis
of the DECSA trial.

Methods

Study design and population

This study is part of the recently completed multi-center
RCT DECSA trial.®' Participating centers in this substudy
were three Dutch neurotrauma centers: Haaglanden
Medical Center The Hague, Haga Teaching Hospital
The Hague, and Leiden University Medical Center. Symp-
tomatic chronic subdural hematoma patients with a symp-
tom severity score of 1 (headache only, mild neurological
deficit such as reflex asymmetry), 2 (patient drowsy or dis-
oriented with focal neurological deficits), or 3 (severe focal
deficit with impaired consciousness) on the Markwalder
Grading Scale, were eligible for inclusion.>® Patients
with a Markwalder Grading Scale score 0 (asymptomatic)
and 4 (comatose) were excluded. In addition to the inclu-
sion and exclusion criteria of the DECSA-trial, patients
were eligible if a baseline CT was present and patients re-
ceived dexamethasone treatment after randomization.>'

Study treatment

Dexamethasone therapy, combined with a proton-pump
inhibitor (pantoprazole 40 mg daily), was administered
twice daily in a daily dosage of 16 mg on Days 1 to 4,
8 mg on Days 5-7, 4mg on Days 8-10, 2mg on Days
11-13, 1 mg on Days 14-16, 0.5 mg on Days 17-19, and
stopped at Day 20, resulting in a total amount of
110.5 mg dexamethasone. Dexamethasone therapy was
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discontinued for the following reasons: 1) insufficient im-
provement of neurological condition 2 weeks after initi-
ation of dexamethasone therapy with unchanged or
increased hematoma on follow-up cranial CT; 2) clinical
deterioration observed by neurological examination at
any time; 3) the occurrence of severe dexamethasone-
related side effects or complications; and 4) pre-term
discontinuation of dexamethasone treatment left to the
discretion of the treating physician when severe clinical
condition with relevant comorbidities interfered with re-
covery. In the latter group, additional surgery was then
deemed to be beneficial and the safest option for patient
recovery. At the primary follow-up at 2 weeks, a follow-
up CT and neurological examination was performed to
evaluate the radiological and clinical change in order to
decide whether additional surgery by burr hole cranios-
tomy was deemed necessary.

Study procedures and data collection

For this substudy, patients were evaluated at presentation,
during admission, discharge, and at 2 weeks (or last day
of dexamethasone monotherapy, whichever came first)
from randomization combined with follow-up CT at
2 weeks. If dexamethasone therapy was prematurely ter-
minated, the last day of dexamethasone treatment with
corresponding follow-up CT was maintained as primary

follow-up evaluation. The following radiological pa-
rameters at diagnosis and follow-up were assessed: he-
matoma laterality, hematoma architecture and density
type, hematoma size by measurement of hematoma thick-
ness, midline shift and volume. Hematoma volume was
measured using the ABC/2 formula.>* Hematoma archi-
tecture subtypes were reported using the architectural
classification as described by Nakaguchi: (A) homoge-
neous total, (B) laminar, (C) separated, and (D) trabecular
(Fig. 1)."° Hematoma density subtypes were categorized
as hematoma without hyperdense components including
(E) homogeneous hypodense (< 30 HU) and (F) isodense
hematoma (30-40 HU) and hematoma with hyperdense
components consisting of (G) homogeneous hyperdense
(40-50 HU), and (H) mixed density hematoma (Fig. 1).>*>°

Radiological parameters were assessed by one vascu-
lar neurologist (IPM) and emergency radiologist (YT) in-
dependently. Inter-observer agreement was calculated for
the density and architecture type analyses using Cohen’s
kappa. In case of disagreements, consensus was reached.
Neurological outcome at primary follow-up evaluation
was assessed by neurological examination combined
with the Markwalder Grading Scale score and subse-
quently scored into three categories after comparison to
neurological function at presentation: 1) no change, 2)
improvement, and 3) deterioration. Based on the extent

density; (H) mixed density.

FIG. 1. Radiological hematoma subtypes by architecture and density (A) Homogeneous architecture
(hypodense case); (B) laminar architecture; (C) separated architecture; (D) trabecular architecture;
(E) homogeneous hypodense density; (F) homogeneous isodense density; (G) homogeneous hyperdense
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of clinical and radiological improvement, the need for
additional surgery was determined by the treating phy-
sician.

Additionally, the modified Rankin Scale score was
assessed at primary follow-up. Occurrence of dexamethasone-
related side effects or complications was assessed during
hospital admission and at the 2-week follow-up evalua-
tion by the treating physician. The study protocol was ap-
proved prior to data collection by the local Medical Ethics
Committee (METC Zuid West Holland, No. 16-024).
Ethics review criteria conformed to the Helsinki declara-
tion. Written informed consent was obtained from all
patients or by next of kin when neurological symptoms
impaired the patient to provide written informed con-
sent.’' Study data were processed in a clinical trial manage-
ment system (Castor EDC, Amsterdam, the Netherlands).

Study outcomes

Primary outcome was to identify which chronic subdural
hematoma subtype was the most responsive to dexameth-
asone therapy at the primary evaluation moment of dexa-
methasone therapy at 2 weeks, by examining the change
in the following radiological parameters: hematoma
thickness (mm), midline shift (mm), and hematoma vol-
ume (mL).

Secondary outcome measures were change in neuro-
logical function, symptom severity (Markwalder Grading
Scale score) and functional outcome (modified Rankin
Scale score) at the primary follow-up evaluation at 2
weeks, clinical onset of improvement on dexamethasone
(days), number of patients requiring additional surgery
(dexamethasone failure), and dexamethasone-related com-
plications or side effects.

Statistical analysis

Summaries using appropriate descriptive statistics were
provided for all clinical and radiological variables, in-
cluding demographic and baseline characteristics. In
addition to the summary data in tables, graphical presen-
tations of summary data were provided when indicated
using SPSS 27.0 (IBM Corporation, New York) and
GraphPad Prism 8.0 (GraphPad Software, San Diego,
California USA). Multi-variable linear regression analy-
sis was performed to evaluate the change in primary
radiological outcome (regression coefficient, b) in each
hematoma architecture subtype (A-D) as well as com-
bined density subtypes indicating hematoma without
(type E, F) and with (type G, H) hyperdense components.
All regression analyses were conducted, with adjustment
for age, sex and baseline value of the specific radiological
parameter assessed. Regression analysis of the primary
(radiological) outcome was performed in all chronic sub-
dural hematoma (unilateral and bilateral combined).
Regression analysis regarding (the change in) secondary

clinical parameters in relation to hematoma subtype
and change in hematoma size (hematoma thickness, mid-
line shift, hematoma volume), were assessed by evaluat-
ing the hematoma on the symptomatic side in bilateral
chronic subdural hematoma since this side contributed
to the symptoms. If the symptomatic side was unknown,
the side that caused midline shift, thus contributing the
most to the clinical condition, was used for analysis.
A p value of less than 0.05 was used to indicate statisti-
cal significance.

Results

Baseline

In total, 180 patients were screened for this study (Fig. 2).
Of these, 85 patients fulfilled the study criteria and could
be included during the entire study period of the DECSA-
trial from September 2016 until February 2021 (Table 1).
The mean age was 76 years (SD £11), with 21 female pa-
tients (25%). Antithrombotic therapy was used in 50 pa-
tients (59%) and discontinued immediately at diagnosis
in all patients. Symptom severity at diagnosis was Mark-
walder Grading Scale score 1 in 12 (14%) and Mark-
walder Grading Scale score 2 in 73 (86%) patients.
A total of 114 chronic subdural hematomata were
assessed of which 56 were unilateral (Table 1). Of the he-
matoma architectural subtypes, 56 were homogeneous,
eight laminar, 20 separated, and 30 trabecular. Density
type classification showed 37 hematomas without hyper-
dense components and 77 hematomas with hyperdense
components (Table 1). For the four architectural subtype
classification substantial agreement was reached between
both raters (kappa 0.768). Interobserver agreement was
excellent for the dichotomized density subtypes (kappa
0.928). Consensus was reached for all hematoma.

Follow-up

Median time to primary follow-up evaluation was 15
days (1-86 range, interquartile range [IQR] 12-18). Due
to clinical deterioration, earlier evaluation was performed
within 7 days in 10 patients (12%). One patient with good
recovery (Markwalder Grading Scale score 0) did not
manage to appear at follow-up evaluation (with CT) on
Day 14, but on Day 86. Dexamethasone treatment sched-
ule of 19-days was completed in 50 (59%) patients, and
terminated earlier in 35 (41%) patients when the clini-
cal situation prompted for additional surgery (Table 2).
Median administered dexamethasone dose was 103 mg
(IQR 100-111).

Radiological hematoma evolution

At follow-up, five of the 114 chronic subdural hema-
toma showed complete hematoma resolution. Overall
change in hematoma thickness, midline shift and volume
after 2 weeks of dexamethasone treatment was -3 mm
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FIG. 2. CONSORT (CONsolidated Standards of Reporting Trials) flowchart of patient inclusion.
. _/

(standard deviation [SD] 7), -2mm (SD 4) and -14 mL
(SD 45) respectively. Hematoma without hyperdense
components showed the largest decrease of hematoma
thickness of -5mm (SD 4) and midline shift -3 mm
(SD 3) compared with other subtypes. Decrease in hema-
toma volume was largest in separated hematoma with a
mean change of -28 mL (SD 48; Table 3; Fig. 3).
Multi-variable linear regression analysis revealed a
significant group effect for change in hematoma thick-
ness between the two hematoma density groups. A larger
decrease in hematoma thickness was observed in hema-
toma without hyperdense components compared with he-
matoma with hyperdense components (adj. » -2.2 mm,
95% CI -4.1 to -0.3). No significant group effect for
change in hematoma thickness was found between the
hematoma architecture subgroups (A-D; p=0.53).

A significant group effect for change in midline shift
was found in the combined density analysis with a larger
decrease of midline shift in hematoma without hyper-
dense components compared with hematoma with hyper-
dense components (adj. b -1.3 mm, 95% CI -2.7 to 0.0).
No significant group differences were found between
the individual architectural subtypes for change in mid-
line shift (p=0.1 and p=0.9, respectively), nor for
change in hematoma volume in the architectural (A-D;
p=0.2) or combined density (p=0.5) group analyses.

Clinical course

In 47 patients (55%) an improvement in neurological
function was observed at primary follow-up evaluation
(Table 2), with a median onset of improvement on Day
2 (IQR 1-4), corresponding to a daily dexamethasone
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Table 1. Baseline Characteristics per Hematoma Subtype

Architecture subtypes of symptomatic hematoma

Density subtypes of symptomatic hematoma

Hematoma without

Hematoma with

Homogeneous  Laminar  Separated  Trabecular hyperdense hyperdense
Baseline parameters (n=37) (n=8) (n=16) (n=24) components (n=27) components (n=158)
Age, year (SD) 73 (12) 73 (10) 82 (9) 79 (7) 72 (12) 78 (9)
Gender, F (%) 11 (30) 1(13) 6 (38) 3 (13) 10 37) 11 (19)
Trauma present, n (%) 27 (73) 6 (75) 13 (81) 23 (96) 19 (70) 50 (86)
Antithrombotic use 19 (51) 4 (50) 11 (69) 16 (67) 13 (48) 37 (64)
Comorbidity*
- Cardiac history, n (%) 16 (43) 3 (38) 9 (56) 13 (54) 12 (44) 29 (50)
- Hypertension, n (%) 16 (43) 4 (50) 8 (50) 13 (54) 10 37) 31 (53)
- Stroke, n (%) 8 (22) 1(13) 1(25) 2 (8) 7 (26) 8 (14)
- Venous thrombo-embolism, n (%) 2(5) 8 (100) 1(6) 14 0 4 (7)
- Diabetes mellitus, n (%) 5 (14) 1(13) 3(19) 4 (17) 2(7) 11 (19)
- Neurodegenerative, n (%) 4 (11) 1(13) 1 (6) 1) 2(7) 509)
- Malignancies, n (%) 5 (14) 1(13) 3 (19) 4 (17) 6 (22) 9 (16)
Symptom severity (admission)®
-MGS 1, n (%) 5(14) 2 (25) 1 (6) 4(17) 4 (15) 8 (14)
- MGS 2, n (%) 32 (87) 6 (75) 15 (94) 20 (83) 23 (85) 50 (86)
Presence of bilateral hematoma, n (%) 8 (22) 2 (25) 12 (75) 7 (29) 7 (26) 22 (38)
Hematoma without Hematoma with
Homogeneous  Laminar  Separated  Trabecular hyperdense hyperdense
Radiological parameters (n=56) (n=8) (n=20) (n=30) components (n=37) components (n=77)
Thickness, mm, mean (SD) 19 (8) 26 (7) 24 (6) 22 (5) 19 (8) 22 (7)
Midline shift, mm mean (SD) 94 9 (5 8 (5) 94 94 94
Volume, mL, mean (SD) 108 (73) 127 (50) 145 (73) 124 (51) 104 (68) 127 (66)
#due to rounding, sum of percentages might not add up to 100.
SD, standard deviation; F, female; MGS, Markwalder Grading Scale score.
Table 2. Clinical Outcome at Primary Follow-Up per Hematoma Subtype (Two Weeks)
Density subtypes of
symptomatic hematoma
Hematoma Hematoma
Architecture subtypes of symptomatic hematoma without with
hyperdense hyperdense
Homogeneous Laminar Separated Trabecular components components
Follow-up parameter (at 2 weeks) (n=37) (n=8) (n=16) (n=24) (n=27) (n=58)
Early termination of dexamethasone 14 (38) 4 (50) 9 (56) 8 (33) 11 (41) 24 (41)

treatment schedule, n (%)
Total amount DXM, mg, mean (IQR)
Symptom severity (2 weeks)*

- MGS 0, n (%)

-MGS 1, n (%)

- MGS 2, n (%)

- MGS 3, n (%)

- MGS 4, n (%)

Change in neurological function®
- Improvement, n (%)
- No change, n (%)
- Deterioration, n (%)

Additional surgery, n (%)
Indication additional surgery®, n (%)
- Clinical deterioration
- Unchanged clinical status
- Minimal clinical improvement
- Radiological hematoma increase

- Unchanged radiological hematoma

- Minimal radiological hematoma
decrease

103 (99-111)

5 (14)
12 (32)
19 (51)

13

n.a.

21 (57)
6 (16)
10 27)

19 (51)

13/19 (68)
2/19 (11)
4/19 (21)

7(37)
8 (42)
4 (21)

103 (100-111)

1 (13)
4 (50)
3 (38)
n.a.
n.a.

4 (50)
1 (13)
3 (38)

4 (50)

2/4 (50)
1/4 (25)
1/4 (25)

0/4
3/4 (75)
1/4 (25)

1 (6)
3(19)
2 (50)
3(19)
1 (6)

9 (56)
2 (13)
5@

13 (81)

7/13 (54)
2/13 (15)
4/13 (31)
5/13 (38)
5/13 (38)
3/13 (23)

102 (89-103)

103 (103-111) 103 (91-111)

521 4 (15)
6 (25) 11 (41)

12 (50) 11 (41)
34) 1 4)
n.a. n.a.

13 (54) 18 (67)
2(8) 14

9 (38) 8 (30)

12 (50) 13 (48)
10/12 (83) 9/13 (69)
0/12 0/13

2/12 (17) 4/13 31)
5/12 (42) 4/13 (31)
5/12 (42) 5/13 (38)
2/12 (17) 4/13 (31)

103 (101-111)

8 (14)
14 (24)
31 (53)

4(7)

1(2)

29 (50)
10 (17)
19 (33)

35 (60)

23/35 (66)
5/35 (14)
7/35 (20)

13/35 (37)

16/35 (46)
6/35 (17)

“Due to rounding percentages might not add up to 100.

DXM, dexamethasone; IQR, interquartile range; MGS, Markwalder Grading Scale score; n.a., not available.
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Table 3. Radiological Hematoma Evolution — Change in Hematoma Size per Hematoma Subtype (Two Weeks)

Density subtypes
Hematoma
Architecture types without Hematoma with

hyperdense hyperdense
Change in radiological Homogeneous Laminar Separated Trabecular components components
parameter (mean, SD) (n=56) n=8) (n=20) (n=30) n=37) n=77)
Hematoma thickness, mm -4 (9) -3(3) 224 -2(4) -S54 -3.(8)
Midline shift, mm 2(3) -1 (4 -1(4) -1(5) 33) -1 (4)
Hematoma volume, mm® -15 (40) 2 (55) -28 (48) -9 (49) =21 (33) -12 (50)

SD, standard deviation.

-
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dose of 16 mg. Multi-variable linear regression analysis
revealed a larger decrease in hematoma thickness
(b 4.0, 95% CI -5.6 to -2.4), midline shift (b -3.1, 95%
CI 4.1 to -2.0), and hematoma volume (b -33.5, 95%
CI-49.9t0-17.0) in patients with neurological improvement
compared with patients without neurological improvement.
No significant group differences in neurological improve-
ment were found in the architecture or combined density
type analysis (p=0.8 and p=0.1, respectively).

An improvement in Markwalder Grading Scale score
at the primary follow-up evaluation was reported in 32
out of 85 patients (38%), with unchanged and deterio-
rated scores in 45 (53%) and eight (9%) patients, respec-
tively (Table 2; Fig. 4). Improvement rates were higher
in patients with hematoma without hyperdense compo-
nents (52%) compared with hematoma with hyperdense
components (31%). Lowest improvement rates were ob-
served in patients with separated hematoma (10%). No
significant group differences in Markwalder Grading
Scale score were found in the hematoma subtype analy-
ses. Functional independence (modified Rankin Scale
score 0-2) was achieved in 35 (41%) patients after
2 weeks dexamethasone therapy (Fig. 5). No significant
group differences in functional independence were
found in the hematoma subtype analyses. Complications
were reported in 46 (57%) patients, with falls (17%), hy-
perglycemia (16%), and delirium (16%) occurring most mEssEsssgEes
(Table 4).

yper- and mived density

DENSITY SUBTYPES

Additional surgery

Decision to perform additional surgery at the primary fol-
low up evaluation, was made in 48 patients (57%) with a
median duration to surgery of 16 days (range 1-71; IQR
8-28; Table 2). Clinical deterioration and unchanged
radiological appearance were the main reasons to discon-
tinue dexamethasone therapy in all radiological subtypes
(Table 2). The need for surgery was highest in separated
hematoma type, observed in 13 (81%) patients.

5
1
Separated

Discussion

The present study showed the largest reduction in mid-
line shift and hematoma thickness in chronic subdural
hematoma without hyperdense components, after dexa-
methasone treatment in symptomatic patients. Clinical
improvement was also higher in hematoma without LEEBEEEEL LS
hyperdense components compared with other hematoma i

subtypes. Additional surgery was performed in 57% of
patients, with the highest observed rate (81%) in sepa-
rated hematoma.

Our results show a difference in radiological response
in the different chronic subdural hematoma subtypes af-
ter dexamethasone therapy. Four previous studies have
reported on (overall) radiological response in relation
to clinical outcome or chronic subdural hematoma re-
currence after dexamethasone treatment for symptomatic  \ J

ARCHITECTURE SUBTYPES

FIG. 4. Change in symptom severity (Markwalder Grading Scale score) by hematoma subtypes at primary follow-up evaluation (2 weeks). (A)
Architectural subtypes; (B) density subtypes. Numbers in chart indicate total number of patients with specific change in MGS score (improvement, no

change, deterioration). MGS, Markwalder Grading Scale score.
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CHANGE IN FUNCTIONAL OUTOME
AFTER DEXAMETHASONE
FOLLOW-UP 2 WEEKS 10 17 24
PRE-MORBID
mRSO mmRS1 mmRS2 mmRS3 mRS4 mmRS5 mmRS6
FIG. 5. Change in functional outcome (modified Rankin Scale) at primary follow-up evaluation (2 weeks).
Numbers indicate total number of patients with specific mRS-score. mRS, modified Rankin Scale score.
\

chronic subdural hematoma.'*'*'> These studies did not
differentiate the response in specific chronic subdural
hematoma (density or architecture) subtypes. Smaller
midline shift and hematoma thickness, as well as lower
attenuation measurements in Hounsfield units—values
at diagnosis, were suggested to favor beneficial effects
of dexamethasone on clinical outcome or chronic sub-
dural hematoma recurrence risk. The finding that low
density hematoma respond more favorably to dexameth-
asone therapy, is consistent with our results that show the
largest reduction in hematoma thickness and midline shift
in hematoma without hyperdense components. This de-
crease in hematoma size is also reflected by a larger
mean reduction in hematoma volume in hematoma with-
out hyperdense components, although not reaching sta-
tistical significance. This is probably a methodological
power issue, as a previous report demonstrated that mid-

Table 4. Complications

Complications CSDH patients (n=85)

Patients with complications, n (%) 46 (57)
Total amount of complications, n 82

Type of complication

Fall, n (%) 14 (17)
Hyperglycemia, n (%) 13 (16)
Cognitive disturbance/delirium, n (%) 13 (16)
Infection, n (%) 10 (12)
Electrolyte disturbance, n (%) 6 (7)
Insomnia, n (%) 4 (5)
Behavioral/mood disturbance, n (%) 4 (5
Vomitus, n (%) 34)
Other, n (%) 14 (17)

line shift in chronic subdural hematoma is associated
with volume reduction.?’

The observed midline shift reduction in hematoma with-
out hyperdense components after dexamethasone therapy
underlines a decrease of hematoma pressure on brain paren-
chyma, favoring clinical improvement. Overall, we have
demonstrated that greater reduction in hematoma size is as-
sociated with clinical improvement. Accordingly, higher
rates of improvement in symptom severity expressed by
the Markwalder Grading Scale score were observed in pa-
tients with hematoma without hyperdense components
(52%) compared with hematoma with hyperdense compo-
nents (31%). Because more subtle clinical improvements
are likely to be missed by the five simplified categories of
the Markwalder Grading Scale and the small subgroups
in our data set, statistical significance in neurological im-
provement might have been missed.

At the initial homogeneous stage of chronic subdural
hematoma development an inner and outer membrane
mature around the subdural sp.alce:.lo’27’38 Possibly, a bal-
ance is maintained during this homogeneous phase be-
tween the inflammatory cascade induced by hematoma
degradation products, coagulation and fibrinolysis.*>**4°
Recurrent hemorrhages, most likely triggered by head
motion, have the opportunity to homogenize with the sub-
dural collection. The anti-inflammatory effect of dexa-
methasone is presumably most effective at this phase
because this stage encompasses the onset of inflam-
mation in a steady-s.tate.”"”’42 In the subsequent two
phases, defined as laminar followed by a separated hema-
toma, vascularity increases by formation of neo-capillaries
and neo-membranes, which are vulnerable structures
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prone to rupture, resulting in hematoma growth and
progression of the inflammatory response.'®***** An in-
crease in fibrinolytic activity also contributes to further
hematoma enlargement in this phase. Chronic subdural
hematoma recurrence rates have been reported highest
during these hyper-fibrinolytic stages.'®**>° This un-
derlying pathophysiology might explain why our fixed
dexamethasone regimen was less effective in hematoma
reduction in hematoma with hyperdense components
compared with hematoma without. Dexamethasone might
be insufficient in its inhibitory action on inflammatory
and fibrinolytic mediators once the stage of separated he-
matoma is reached.'”**** Although we observed higher
rates of additional surgical treatment in separated type
hematoma compared with other hematoma subtypes,
this higher rate might also be influenced by the higher
occurrence of bilateral chronic subdural hematoma in
this group.

The identification of a radiological chronic subdural
hematoma phenotype most responsive to dexamethasone
therapy is important to assess whether there is any place
for dexamethasone in the treatment algorithm of symp-
tomatic chronic subdural hematoma. To identify these
subgroups, further research is necessary. Recent random-
ized trials showed a poorer effect of dexamethasone ther-
apy combined with surgery as well as standalone therapy
compared with surgery alone on achieving a good
functional outcome (IP Miah, Dexamethasone versus sur-
gery for chronic subdural hematoma, DECSA-trial: a
randomized controlled trial, 2022, in submission).29
Overall, we found 41% of patients to achieve functional
independence (modified Rankin Scale score 0-2) after 2
weeks dexamethasone. This necessitated additional sur-
gery in the majority of patients. Disabling complications
such as delirium or falls which interfere with a prosper
clinical recovery, were both reported in 17% of patients.
It is therefore likely that further research with dexameth-
asone in chronic subdural hematoma will become scarce.
It is important to notice that current trials applied dexa-
methasone in the general population of symptomatic
(Markwalder Grading Scale scores 1-3) chronic subdural
hematoma patients including all hematoma subtypes.
Whether treatment effects differ in specific radiological
subtypes and mild symptomatic patients (Markwalder
Grading Scale score 1), remains unknown. With the
knowledge of the expected (extent of) radiological
change per hematoma subtype, treatment effects might
be optimized and better estimated by an improved patient
selection.

A limitation of this study was the absence of a placebo-
arm to confirm the treatment effect of dexamethasone.
But maintaining a placebo-arm in symptomatic chronic
subdural hematoma patients (Markwalder Grading Scale
score 1-2) in need of treatment during 14 days to explore

the radiological effect was deemed unethical. Since the
aim of this substudy was to evaluate (short-term) radio-
logical change in different chronic subdural hematoma
subtypes and the vast majority of patients showed slowly
progressive symptomatology in weeks prior to diagnosis,
it is likely that the observed improvement within the first
2 days to 2 weeks, is due to dexamethasone effect rather
than the natural disease course. Given the results of this
study, future research is necessary to confirm the effects
of dexamethasone on hematoma size in hematoma with-
out hyperdense components by including less severely
affected patients (Markwalder Grading Scale core 1).
This specific subgroup will make it possible to maintain
a placebo group.

Further, the relatively small sample size in density
and architectural subgroups hampered interpretation of
results. This probably impaired the demonstration of sig-
nificant differences in radiological and clinical improve-
ment in the architectural categories as well, combined
with the limited symptom severity classification by the
Markwalder Grading Scale score. By the implementation
of two larger density subtypes, we achieved balanced
subgroups. Whether treatment effect differs in specific ar-
chitectural subgroups of the composite density group
containing hematoma with hyperdense components, still
remains to be unraveled. Further studies are warranted
to explore the full potential and prognostic value of the
architectural classification.

Conclusion

In this prospective substudy, we found hematoma without
hyperdense components to be most responsive to dexa-
methasone therapy in the reduction of hematoma size.
Clinical improvement was also higher in hematoma with-
out hyperdense components compared with other hema-
toma subtypes. The presence of hyperdense components
in chronic subdural hematoma could therefore be of prog-
nostic value for poor response to dexamethasone treat-
ment. To explore whether dexamethasone has potential
in specific patient groups, further research into the path-
ophysiology of chronic subdural hematoma is warranted.
Specific patient factors, including symptom type and se-
verity in addition to age and gender, but also radiological
appearance are important factors in determining treat-
ment effect and prognosis.
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