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Abstract

Background: The treatment modalities of chronic subdural hematoma remain 2
a matter of debate due to lack of management consensus. We performed a
retrospective study to compare the clinical and radiological outcomes between
surgical drainage and conservative management of hematoma with low density
on computed tomography scan. 3

Methods and findings: We retrospectively reviewed medical records for 53
consecutive patients aged 70 years or older with hypodense hematoma treated
in our department between 2008 and 2015. Patients were divided into a surgery
group and a conservative group. Clinical outcome was evaluated according to
the modified Rankin Scale on admission and follow up after treatment. Thirty-
one patients underwent burr-hole surgery and twenty-two patients received
conservative treatment at the first admission. Overall, the neurological and mental
status of patients in both group were significant improvement from admission
to follow-up. However, nearly 84% of patients were significantly improved in
neurological status on 1-month follow-up exam in the surgical group, whereas
only 55% of patients achieved a favorable outcome in the conservative group
(p=0.02), yet no statistical difference on mean mRS scores was observed between
the two groups.
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Conclusion: Surgical drainage of chronic subdural hematoma with low density
in elderly patients may be attributed to improve neurological status with lower
incidence of recurrence, even in patients who has presented preexisting co-
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that this is generally considered the treatment of choice.

Introduction

Chronic subdural hematoma (CSDH) is a predominantly
neurological condition usually affecting elderly individuals, and
resulting from trauma, coagulopathy, anticoagulant therapy
and vascular malformation [1-3] Although CSDH is a serious and
frequent entity, there is no consensus regarding the optimal
treatment strategy. Response to surgery has been so satisfactory
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However, large studies have shown that older age independently
contributes to increase the rate of lethality, complications and
recurrences after the surgical drainage of chronic SDH [3-5].

The role of hematoma density in CSDH recurrence has been
studied previously, but the results have not been consistent
[6,7]. Compared with high- or mixed-density of CSDH, hypodense

hematoma is not an acute condition and it is rational to
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recommend for close observation. Due to significant risk and
poor outcome associated with surgery, currently some authors
had an attempt to treat this subtype of CSDH with conservative
method, and achieved good outcome with lower rates of
lethality and recurrence [8,9]. These evolving results present
challenges for the surgeon in deciding whether to surgically drain
a hypodense CSDH or to manage them conservatively in elderly
patients. In this paper, we performed a retrospective study to
compare the neurologic outcomes between surgical drainage
and conservative management of CSDH with hypodense on initial
CT scan in patients aged 70 years or older.

Materials and Methods
Patient’s population

We identified patients by retrospective analysis of the medical
records and neuroradiographic studies for all patients in our
hospital from September 2008 to July 2015, in whom CSDH
was diagnosed by initial computed tomography (CT) scans. In
addition, magnetic resonance imaging (MRI) was essentially
performed when subdural hygroma were originally suspected.
Only high signal presenting in both T1- and T2-wighted image
was diagnosed as a CSDH. Only patients who were > 70 years old,
and who had a low-density of CSDH on CT scan were enrolled
in this study. Forty-one patients suffered from unilateral CSDH,
and twelve patients showed bilateral CSDH. Patients were
classified according to treatment into a surgical group (SG) and
a conservative group (CG), based on the patient's physical exam,
neurologic exam, medical status, image findings, and the wishes
of the patient and/or their family.

Data acquisition and comparison between the two groups
was performed by analyzing the patients’ demographics (sex,
age), main symptoms, medical histories, mini-mental state
examination (MMSE), and modified Rankin Scale (mRS) score.
Radiological examinations and imaging-related parameters of the
CSDH were also were recorded and used to check whether the 2
patient groups were similar in these variables. The neurological
co-morbidities of patients were established in the presence of
at least one of the following criteria: 1) a documented history of
ischemic or hemorrhagic stroke; 2) infarcts on the CT scan and/
or MRI performed on admission; and 3) a documented history of
dementia, Parkinson diseases and/or hydrocephalus at least six
months [10,11].

Clinical and imaging evaluations

Neurological status of patients was evaluated at the time of
diagnosis, and in the second weeks, and 1-month, 6-month, and
12-month after treatment. Favorable and unfavorable outcomes
were defined as mRS scores of 0-3 and 4-5, respectively [12]. Any
neurologicalimprovementinthe surgical and conservative groups
was recorded. This improvement was defined as a decrease by at
least 1 score in the neurological status of patients based on the
mRS scores. Patient cognitive ability was also assessed compared
to their mental status pre- and post-operation as determined by
MMSE score.
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According to the initial CT scans, brain atrophy was divided into
three stages: none or mild atrophy, moderate atrophy, such
as dilated sulci and sylvian fissure, and severe atrophy, such
as widely dilated sulci and subdural space [7,13]. Presence of
midline shift, brain atrophy and hematoma location (right, left,
bilateral) was determined on CT scans obtained immediately
before therapy intervention. The cut-off values for the degree of
midline shift were defined based on previous reports [14]. The
volume (in milliliters) of the hematoma was calculated on the
basis of pre- and post-procedural CT films at the different follow-
up time points.

Statistical analysis

Data analyses were performed using the SPSS for Microsoft
Windows (Version 13.0; SPSS, Inc., Chicago, IL). The Pearson’s
chi-square test or Fisher exact test was used to compare
discontinuous variables to determine statistical significance of
any differences. For continuous measures Student t-tests and
Wilcoxon's z-test/Kruskal-Wallis test were used. To compare the
volumes of hematoma before and after treatment, independent
t-tests were used. P values of less than 0.05 were considered
statistically significant. In addition, the logistic regression was
performed to assess the impact of the measured variables on the
recurrence/enlargement of CSDH after treatment.

Results
Patient’s demographics

The demographic and clinical data of all patients are summarized
in (Table 1). The mean age of patients was 80.9 * 7.1 years in
the surgical group and 82.5 + 6.9 years in the conservative
group. Twenty-two patients (41.5%) had one or more significant
neurological co-morbidities on admission, including stroke, dementia,
Parkinson disease or hydrocephalus. Generally, the groups did not differ
significantly with respect to demographic features.

As expected, despite a similar average initial volume, patients
undergoing surgical drainage had significantly greater average
volume reduction and lower final volumes than those in the
conservative group. The differences between the two groups were
firstly observed at the 30-day follow up, with residual volume of
32.3mland 54.8mlin the SG and CG (P=0.003), respectively. Since
then, the residual of hematoma reduced sharply in both groups,
whereas the difference in volume between the two groups
remained significantly, but began to narrow, and disappeared
until the latest follow up (Figure 1).

Clinical outcome

Overall, the neurological and mental status of patients in both
group were significant improvement from admission to follow-
up (Table 2). However, nearly 84% of patients were significantly
improved in neurological status at least 1 point on 1-month
follow-up examination in the SG (26/31), whereas only 55%
(12/22) of patients achieved a favourable outcome in the CG
(P=0.02), yet no statistically significant difference on mean mRS
scores was observed between the two groups.
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Table 1 Clinical characteristics and findings of the patients with CSDH in
this study*.

Variables Surgical group IR ELI
group
Sex
M/F 23/8 17/5 40/13 0.797
Age (years) 8?7?)2;1 8(27':’)192)9 81.5+6.9 0.437
Pathogenesis
Head injury 21 (67.7) 14 (63.6)  35(66) 0.638
Antiplatelet therapy 7 (22.6) 7 (31.8) 14 (26.4) -
Unknown 3(9.7) 1 (4.6) 4(7.6) -
Main symptoms’
Headache 12 (38.7) 7(31.8) | 19(35.8) 0.606
Dizziness 20 (64.5) 11(50)  31(58.5) 0.291
Cognitive decline 14 (45.2) 11(50)  25(47.2) 0.728
Urinary 5(16.1) 5(227) 10(18.9) 0.545
incontinence
Drowsiness 3(9.7) 3(13.6) 6(11.3) 0.683
Aphasia 4(12.9) 3(13.6) 7(13.2) 1.0
Paralysis 17 (54.8) 10 (45.5)  27(50.9) 0.501
Background disease
Hypertension 16 (51.6) 13(59.1) 29(54.7) 0.590
Diabetes 8 (25.8) 6(27.3)  14(26.4) 0.905
Heart disease 11 (35.5) 10(45.5) | 21(39.6) 0.465
Stroke 8(25.8) 7(31.8) | 15(28.3) 0.632
Parkinson 3(9.7) 1(4.6) 4(7.6) 0.633
Hydrocephalus 5(16.1) 2(9.1) 7 (13.2) 0.686
Dementia 10 (32.3) 6(27.3)  16(30.2) 0.697
Radiological data
Location of hematoma
Unilateral 23 (74.2) 18 (82.6) 41(78.4)  0.513
Bilateral 8(25.8) 4(17.4)  12(21.6)
Brain atrophy
No or mild 2 (6.5) 2(9.1) 4(7.5) 0.830
Moderate 18 (58.1) 11 (50) | 29 (54.8)
Severe 11 (35.5) 9(40.9)  20(37.7)
Shift of middle line
< 10mm 17 (54.8) 16 (72.7) | 33(62.3) 0.186
=10mm 14 (45.2) 6(28.3)  20(37.7)
Patients improved (mRS)
1 month 26 (83.8) 12 (54.5) | 38(71.7) 0.02
12 months 27 (87.1) 16(72.7)  43(81.1) 0.287
Death 1(3.2) 2(9.1) 3(5.6) | 0.563

The Pearson’s chi-square test or Fisher exact test.

* Values represent the mean £ SD (range), unless indicated otherwise.
"Some patients had more than one symptom.

No: Number; CSDH: Chronic Subdural Hematoma; SD: Standard
Deviation; M/F: Male/Female; mRS: modified Rankin Scale.

Of note, patients aged 80 or older presented with worse
neurological status from admission to follow up compared to
younger patients, irrespective of whether these hemorrhages
are drained or not. For patients aged 80 or older, there was
significant improvement in neurological status from admission
to 1-month follow-up in the SG (admission mRS: 3.65; follow-
up mRS: 2.75; P=0.0001), while no significant change was seen
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in the CG (admission mRS: 3.80; follow-up mRS: 3.47; P=0.096)
(Figure 2). On the contrary, there was a significant improvement
in neurological outcome for patients younger than 80 years in
both groups after treatment (Figure 3).
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Figure 1 Line graphs depicting comparisons of volume change of
\ CSDH between surgical and conservative group. (*P< 0.01).J

Table 2 Neurological and mental status from admission to follow up in
patients between surgical and conservative groups (Mean + SD).

m Surgical group Conservative group
mRS

Day 0 3.29+1.22 (1-5) 3.36 +1.29 (1-5) 0.874
Day 14 2.77 +1.36 (1-5)* 3.361.25 (1-5) 0.111
1 month 2.39 +1.31 (0-5)* 2.91+1.48(0-5)*  0.149
6 months 2.03 +1.58 (0-5)* 2.41+2.01(0-6)*  0.557
12 months ~ 2.06 % 1.65 (0-6)* 2.41+2.02(0-6)*  0.582
MMSE'

Day 0 20.45+4.37 (13-27)  20.05+4.73 (14-29)  0.520
Day 14 20.87 +4.14 (13-28)  19.75+4.23 (12-29)  0.352
1 month 22.48 +4.02 (15-28)*  20.73+5.10 (14-29)  0.174
6months  23.29 +4.25 (14-29)* 22.71+4.31(15-29)*  0.656
12 months =~ 23.60 +3.96 (16-29)* = 22.70 +4.29 (14-29)*  0.450

"The values of MMSE were rejected in the statistical analysis for
patients who died during follow-up.

Compared with the values on admission, *P<0.01; MMSE: Mini-Mental
State Examination; SD: Standard Deviation; mRS: modified Rankin Scale.
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Figure 2 Neurological outcome of patients aged 80 or older between
surgical and conservative group. (NS: Not significant;

*P< 0.01).
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For patients presenting with an mRS score of 1-3 on admission
(SG mRS score: 2.47; CG mRS score: 2.33; P=0.483), the
improvement in neurological status of patients undergoing
surgical drainage compared to patients with conservative alone
was apparent as early as 2 weeks after treatment (SG mRS score:
1.84; CG mRS score: 2.42; P=0.041) (Figure 4). Similarly, patients
presenting with an admission mRS score of 4-5 in the SG tended
to have a better neurological status on 1-month follow up exam
than patients in the CG (SG mRS score: 3.67; CG mRS score: 4.1;
P=0.13), despite lack of statistical significance between the two
groups from admission to follow up.

Interestingly, patients presenting with an admission mRS score of
4-5inthe SG had a higher scores in their mental status on 1-month
follow-up compared to those in the CG as determined by MMSE
(MMSE score in SG: 19.3; MMSE score in CG: 16.3, P=0.031)
(Figure 5). However, no significant difference in mental status
was observed in patients presenting with an admission mRS
score of 1-3 at different time points between the SG and the CG.

Affect of brain atrophy on neurological outcome

According to Neal's method of determining the brain atrophy
in post-procedural CT scans, all of our patients had atrophy
in different degree. For patients with severe brain atrophy,
the initial mRS scores on admission did not significantly differ
between the SG and the CG (SG mRS score: 3.85; CG mRS score:
4.22; P=0.351). After treatment, the mean mRS of patients on
1-month follow up in the SG and the CG were 2.92 and 4.0,
respectively, demonstrating statistical significance between the
two groups (P=0.036), and this difference remained significantly
on 1-year follow-up exam (SG mRS score: 2.58;,CG mRS score:
4.11; P=0.029) (Figure 6).

In this subgroup, patients undergoing surgical drainage tended
to have a better mental status on admission than patients that
received conservative care (SG MMSE score: 18.7; CG MMSE
score: 16.4, P=0.132). Furthermore, surgical patients showed
greater improvement in mental outcome on 1-month follow-up
compared to conservative patients (SG MMSE score: 20.6; CG
MMSE score: 16.6, P=0.011). At 1-year follow-up exam, however,
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Figure 3 Neurological outcome of patients aged less than 80 years
between surgical and conservative group. (*P<0.05, **

\ P<0.01). j
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Figure4 Affect of burr hole vs. conservative care on neurological
status for patients presenting an admission with an mRS
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Figure 5 Affectof burr hole vs. conservative care on mental status
for patients presenting an admission with an mRS score

\ of 4-5. (NS: Not significant; *P<0.05). J

there was also no significant difference in the mental status in
patients between the two groups (SG MMSE score: 21.9; CG
MMSE score: 18.7, P=0.082) (Figure 7).

In contrast there was no significant difference in either mRS or
MMSE scores in patients that initially presented with a mild or
moderate atrophy at different time points between the SG and
the CG (data not shown).

Affect of neurological co-morbidities on
neurological outcome

To assess the result of the different treatment in patient with
neurological co-morbidities, we compared the neurological
status before and after treatment in patients with preexisting
co-morbidities between the SG and the CG. After treatment,
there was more patients showing good neurological recovery
to their baseline status on the latest follow-up exam in the SG
than those in the CG (76.9% vs 33.3%, P=0.031), despite lack of
statistical significance in mean mRS scores on 1-month follow-up
between the two groups (SG mRS score: 3.3; CG mRS score: 3.8;
P=0.218). However, there was statistically significant difference
in neurological status on 1-year follow-up exam between the
two groups (SG mRS score: 3.08; CG mRS score: 4.33; P=0.026)
(Figure 8).
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Similarly, there was significant improvement in mental status
from admission to follow-up in the SG (admission MMSE: 17;
1-month follow-up MMSE: 19.5; P=0.001), while no significant
mental change was seen in the CG (admission MMSE: 17.1;
follow-up MMSE: 18.1; P=0.253). Unsurprisingly, there was
certainly no statistically significant difference in MMSE scores in
patients with neurological co-morbidities at different time points
between the SG and the CG (Figure 9).

For patients who had no definitely neurological co-morbidities,
there was significant improvement in neurological status from
admission to 1-month follow-up in the SG (admission mRS:
2.72; follow-up mRS: 1.72; P=0.001), while no significant change
was seen in the CG (admission mRS: 2.69; follow-up mRS:
2.31; P=0.09). However, the mental status of patients in both
groups was significant improvement from admission to 1-month
follow-up, though no statistically significant difference in mean
MMSE score was observed between the SG and the CG (follow-
up MMSE in SG: 24.6; follow-up MMSE in CG: 23.1; P=0.374)
(data not shown).

Complications and recurrence/enlargement of
hematomas

In total, 3 patients died during follow-up, 2 from the conservative
group and one from the surgical group, due to general
complications resulting from multiple medical co-morbidities
within 1-year after treatment. Significant postoperative
complications directly related to surgery was found in three cases
(9.6%), including acute SDH, postoperative intra-parenchymal
bleeding and seizures, which were managed conservatively
with favorable outcome. However, patients in the CG seemed
particularly prone to systemic complications (e.g. pneumonia
and urinary tract infection) during their inpatient stay, though
there was no significant difference between the two groups (SG:
16.1%; CG: 31.8%; P=0.179).

Only one patient in the SG experienced recurrence 3 months
after first surgery, who received repeated drainage and
subsequently achieved satisfactory resolution of his SDH.
Four patients (18.2%) in the CG were subjected to relapsing of
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Figure 6 Affect of burr hole vs. conservative care on neurological
outcome for presenting with severe brain atrophy on
\ admission. (NS: Not significant; *P<0.05, **P<0.01). J
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Figure 9 Affect of burr hole vs. conservative care on mental status
for patients presenting with neurological co—morbiditiey

their dementia and hemiparesis from one to six months after
discharge, and subsequently confirmed enlargement of the
residual hematomas on the emergency CT scan. Three of these
4 patients then underwent burr-hole surgery and experienced
clinical improvement (Figure 10). The remaining one patient
aged 85 years abandoned surgical intervention due to their poor
physical status, and died four months later. Logistic regression
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indicated that severe brain atrophy was significantly associated
with recurrence or enlargement of the chronic SDH (P=0.001;
95% Cl=0.048-0.333).

Discussion

CSDH is a condition mostly present in elder people, and the
majority of patients had a history of head trauma, as noted in
our series and in the literature [1,2]. The term “chronic” subdural
hematoma has been loosely defined, with various authors
applying it to those in the different stage of CSDH. According
to CT scan, hematoma density is known to decrease with time,
passing from a high-stage to an iso-and finally a low density stage
[15,16]. Therefore, lower hematoma densities are expected to
be seen in the late stage of hematoma course. In concern to the
clinical outcome, it is not clear which type of hematoma is suited
for surgical drainage for each patient. Some advocated that
the operating in the homogeneous stage of CSDH, may reduce
the recurrence rate [6,17]. Others persisted that low density
hematoma often lead to poor outcome after surgery, compared to
other type of CSDH [7,18]. Furthermore, the long-term outcome
of elderly patients and the role of conservative management
versus surgery are still contradictory based on the published data
[7,8,11,18]. In this study, we evaluate the neurologic outcome
of patients who underwent burr hole drainage or conservative
alone for their CSDH with low density on initial CT scan.

Overall, the neurological and mental status of patients was
significant improvement after surgical drainage of a CSDH. The
difference between two treatment groups was proclaimed at the
30-day follow-up, with a rate of favorable outcome of 84% and
55% in the surgical and conservative care groups, respectively.
Parlato et al. reported on a series of a 24 cases of CSDH and
concluded that patients with age over 70 years, worsening mental
function, brain atrophy, and absence of increase of intracranial
pressure are indication for conservative therapy. However,
the author demonstrated that surgery should be performed
immediately for patients if the symptoms have not relieved after
7 or 10 days of clinical observation [19]. Importantly, symptoms
relief of patients did not translate into functional improvements
after conservative treatment, while surgical drainage of CSDH
may results in rapid improvement of patient’s status in a short-
term period, avoiding the aggravation of diseases.

Previous studies have shown that older age, concomitant disease
and poor admission neurological status are related to worse
outcomes and increased mortality in patients undergoing surgical
treatment for CSDH [20,21]. Given the steady increase in the
elderly population, diseases associated with old age will become
more common, which may lead to an overall decline from the
neurological baseline before CSDH onset in this population.
Many neurosurgeons advocated that the operative risks in
patients over 80 years are prone to outweigh the benefits of
surgery due to poor baseline function [3,19,21,22]. In our study,
patients over 80 years had significant improved in neurological
status on 1-month after surgery while no statistical difference in
patients with conservative treatment. Recent study suggested
that surgery for CSDH is safe and positively recommended even
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Figure 10 Evolution of CSDH in a 72-year-old male on aspirin, who

had a history of the left para-ventricular haemorrhage
4 months ago, presented with headache and gait
disturbance after a fall. (a) Follow-up T1 MRI images 3
days post-injury showing a hyper-signal SDH on the left
brain hemisphere with slight mass effect, and then the
patient undergoing conservative treatment. (b) T1 MRI
images 4 months later showing hypo-signal collections
similar to the cerebrospinal fluid, but the inner and outer
membrane around liquefaction of the hematoma being
distinct on flair MRI (c), without noticeable change in
volume pre- and post-treatment. The patient re-admitted
due to unable to walk independently, with a mRS score of
4 at 6 months. Repeat MRI scan showing hyper-signal SDH
onT1(d), T2 (e), and flair images (f), indicating re-bleeding
of residual CSDH, and subsequently a burr hole drainage
being adopted. (g) Postoperative CT scan at 1lweek
showing a significant reduction of CSDH, and gradual
resolution of the hematoma on 2 weeks MRI images
after surgery (h). The postoperative CT scan at 1 month
showing nearly complete resolution of CSDH with minimal
residual haematoma (i), and a favourable outcome was
observed with the final mRS score of 3 at 6-month follow

up exam after surgery. J
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in patients over 90 years old, with a lower rate of 6-month death
[16]. The findings are consistent with our results, suggesting
that patients over 80 years may be similarly able to return to
their baseline function compared with younger patients, but
may require longer hospital stays for further postoperative
rehabilitation.

Another significant factor determining outcome is the initial
neurological status on admission. In our series, patients with
an initial mRS score of 0-3 often achieved a favorable outcome,
regardless of treatment manner, which was in accordance with
previous reports [9,23,24]. For some incidental CSDH, however,
the neurological status of patients often determined by both
CSDH and other concomitant diseases, made it difficult to
precisely evaluate their baseline function on admission. Over
one-third of our patients (i.e., 28%, stroke; 13%, hydrocephalus;
30%, dementia) presented definitely compromised neurological
conditions before CSDH onset. Such patients are susceptible
to pneumonia and urinary tract infections, and then become
progressively more bedbound and dependent if conservative
treatment is adopted, which may eventually deteriorate their
neurological function. However, surgical treatment can result
in improvement of cognitive ability in a short-term (1-month
follow-up), and improvement of neurological status in a long-
term (1-year follow-up), despite some patients will remain
dependent with limited mRS scores. This is in contrast to past
research [25,26], but more recent studies have shown the similar
results to our findings [15,16].

Whether the degree of brain atrophy affecting the surgical
outcomes in patients with CSDH or not remains controversy.
Considering the association of brain atrophy with age, patients
age over 80 years have poor outcome due to preexisting co-
morbidities and brain atrophy [7,18,21]. Using multivariate
logistic regression analysis, Amirjamshidi et al. [7] found that
brain atrophy independently increases the risk of unfavorable
outcome after drainage of CSDH. However, another study
revealed that brain atrophy was not a significant predictor of
successful treatment [13]. Furthermore, patients with brain
atrophy are often lack of clinical and radiological signs of high
intracranial pressure that allow one to choose conservative
treatment [19]. Unfortunately, conservative alone was not
always successful, a CSDH with observation will not completely
disappear but rather than translate into a hygroma over time,
especially in elder patients with atrophy, which is a potential risk
factor of re-bleeding or enlargement of residual hematoma [9,22].
In our material, patients with severe atrophy initially presented
with worse neurological function compared to patients with mild
or moderate atrophy. Even so, the results of our study indicate
that patients with severe atrophy may also benefit from surgical
drainage of a chronic SDH, with a better outcome in either
neurological function or mental status, compared to patients
with conservative treatment. These findings are consistent with
other reports [16], and brain atrophy is not a contraindication for
surgical drainage.

The total rate of mortality of 3.1% after surgery was lower
compared to those previously reported rates range from 8%-44%
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[2,3,14]. There was not different in respect of rate of mortality
betweentwo groupsin ourcohort, unlike previousreports[21,27].
Sun et al. reported that the mortality rates of the corticosteroid
monotherapy group, the combination group and the surgery
groups were 4%, 3%, 15%, respectively, and therefore suggested
that steroid treatment in a selected group of patients is a good
option, particularly in patients with co-morbidity. However, Lee
et al. [16] emphasized that surgical drainage of a CSDH in patient
2 90 years is associated with a lower rate of inpatient death and
higher 6-month survival rates than for patients who receive only
conservative care. This suggests that elderly patients who have
preexisting co-morbidities can also benefit from surgical drainage
of a CSDH with lower risks of perioperative complications. With
recent advances in surgical techniques and perioperative care,
morbidity and mortality rates have generally decreased, and
surgical management may be associated with more favorable
outcomes in these patients.

The rate of recurrence for surgically drained CSDH was lower in
our group. This may be attributed to sufficient irrigation from
different directions (frontal, infratemporal, occipitalia) during
operation, which establish a connection with all other hematoma
compartments and provide a washout of blood products and
other factors possibly involved in maintaining the hematoma
[28,29]. Brain atrophy provides a potential space for hematoma
expansion, which might be associated with a poor outcome. In
our logistic regression analysis, we found that only severe brain
atrophy was significantly associated with enlargement of CSDH.
This result is in line with previous reports [27,28,30]. Some giant
hematoma in patients with severe brain atrophy had taken
more than one year to be fully resolved even after a successful
operation. The resolution of a CSDH depends mainly on the extent
of brain re-expansion, making it less likely that the CSDH resolves
with conservative treatment alone in elderly patients with brain
atrophy. Based on a longer clinical review of one year, however,
our data indicate that surgical drainage of CSDH may be attribute
to improving neurological status even in patients whose brain
has atrophied, and ultimately leads to the resolution of residual
hematoma in the majority of patients.

Limitation

The present study was a retrospective study and is therefore
subject to potential sources of bias and variation. The number of
the patients was small, and the hospital costs and inpatients stay
was not analyzed between the two groups in the present study.
Considering of the final neurological outcome, a need exists to
better define the treatment option tailored for each patient.
Therefore, further randomized, prospective clinical trials with
large samples are required to refine the indications for the differ-

ent treatment modalities of CSDH based on the patient care and
outcomes, as well as hospital costs.

Conclusion

Our data suggest that surgical drainage for low density of CSDH is
safe and can be positively recommended even for elderly patients
with seriously brain atrophy and preexisting neurological co-
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morbidities. The conservative treatment may be beneficial and
cost-effective in the treatment of CSDH with a mRS < 3. From
long-term observation, however, it demonstrates that the non-
surgical treatment does not reduce the incidence of re-bleeding
from residual CSDH compared to the surgical treatment due
to poor brain expansion in the elderly. The complications are
not associated with the operation, and often arise from other
medical comorbidities. Despite a possible longer hospital stay,
elderly patients frequently experience significant neurological
improvement after surgery for their CSDH.
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