Neuropsychiatric Disease and Treatment

Dove

ORIGINAL RESEARCH

Prediction of Risk Factors for the Evolution of
Traumatic Subdural Effusion into Chronic
Subdural Hematoma

Sansong Chen®'

Hui Peng?
Xuefei Shao'

Lin Yao'

Jie Liu'

Jiongping Tian'
Lean Sun'

Yi Dai'
Xiaochun Jiang"*
Limin Cheng®*

'Department of Neurosurgery, The First
Affiliated Hospital of VWannan Medical
College (Yijishan Hospital), Wuhu
241001, Anhui, People’s Republic of
China; 2Administration Office of Hospital
Admission and Discharge, The First
Affiliated Hospital of VWannan Medical
College (Yijishan Hospital), Wuhu
241001, Anhui, People’s Republic of
China; 3Morphology Experiment &
Training Center, School of Preclinical
Medicine, Wannan Medical College,
Wuhu 241002, Anhui, People’s Republic
of China

*These authors contributed equally to
this work

Correspondence: Xiaochun Jiang
Department of Neurosurgery, The First
Affiliated Hospital of Wannan Medical
College (Yijishan Hospital), Wuhu
241001, Anhui, People’s Republic of China
Email jiangxiaochun200 | @hotmail.com

Limin Cheng

Morphology Experiment & Training
Center, School of Preclinical Medicine,
Wannan Medical College, Wuhu 241002,
Anhui, People’s Republic of China

Email 630336548@qq.com

This article was published in the following Dove Press journal:
Neuropsychiatric Disease and Treatment

Purpose: To explore the risk factors of the evolution of traumatic subdural effusion (TSE)
into chronic subdural hematoma (CSDH).

Materials and Methods: The 70 patients’ gender, age, location of effusion, unilateral and
bilateral, Glasgow coma score (GCS) at admission, presence or absence of brain contusion,
the time of effusion appeared, daily amount of mannitol, mannitol number of days used, with
or without atorvastatin calcium tablets, with or without antiplatelet aggregation drugs, with
or without anticoagulant drugs, with or without abnormalities in blood coagulation routines,
computed tomography (CT) layer height, the thickness, and CT value of the first effusion
were analyzed by single factor. Logistic multivariate regression analysis was performed on
the statistically significant indicators. Power of the regression model was evaluated using
receiver operating characteristic (ROC) curve.

Results: Univariate analysis showed that the presence or absence of brain contusion, the
time of effusion appeared, atorvastatin calcium tablets use or not, the CT value of the
effusion, and TSE into CSDH evolution varied significantly compared to the non-evolved
group (P<0.05). Logistic multivariate regression analysis showed that combined brain con-
tusion (odds ratio (OR)=16.247, 95% confidence interval (CI), 1.831-144.157, P = 0.012),
carly onset of effusion (OR = 0.573, 95% CI: 0.349-0.941, P = 0.028), atorvastatin calcium
tablets not used after effusion (OR = 60.028, 95% CI: 6.103-590.399, P = 0.0001), and high
CT value (OR = 1.285, 95% CI: 1.067-1.547, P = 0.008) were risk factors for the evolution
of TSE into CSDH. The ROC model suggested that the prediction of these risk factors had
high diagnostic accuracy.

Conclusion: TSE patients with brain contusion, early onset of effusion, without the usage of
atorvastatin calcium tablets after effusion, and high CT value of the first effusion are at a risk
of evolving into CSDH.
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Introduction

Traumatic subdural effusion (TSE) was first reported by Mayo et al in 1894. In the
past, due to the lack of examination methods and the characteristic clinical symp-
toms, the incidence was considered low. However, with the development of modern
imaging medicine and the improvement of living standards, the incidence is
reported as 1.16-10%," which was further elevated based on the CT findings.
Nonetheless, due to the lack of specific symptoms or concomitant brain contusion,
TSE is easily ignored by clinicians or masked by other conditions. A large number
of studies have shown that some cases chronically evolve into subdural hematomas

submit your manuscript

Dove n

http:

in O

Neuropsychiatric Disease and Treatment 2020:16 943-948 943
© 2020 Chen et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
BY _NC /b

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://c glli y-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



http://orcid.org/0000-0002-0113-8680
mailto:630336548@qq.com
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Chen et al

Dove

and might require surgical treatment. So, what clinical
characteristics of TSE patients are likely to evolve into
CSDH? This retrospective study analyzed the clinical data
of 70 patients, who were confirmed with TSE in the
Yijishan Hospital of Wannan Medical College. Also, the
risk factors for TSE that evolve into CSDH were explored,
providing a reference for future clinical prevention and
treatment.

Materials and Methods
Ethical Statement

This study was conducted in accordance with the Declaration
of Helsinki and was approved by the Ethics Committee of the
First Affiliated Hospital of Wannan Medical College
(Yijishan Hospital). As this study featured a retrospective
design, the Ethics Committee judged it as minimal risk
research and the participants could not be located. All study
data of the participants were kept confidentially by the inves-
tigators according to the guideline of the Ethics.

General Information

From January 2017 to December 2017, 70 patients, who
were admitted to the Department of Neurosurgery of the
First Affiliated Hospital of Wannan Medical College, were
diagnosed with TSE and had returning data. The cohort
comprised of 59 males and 11 females, aged 17-88 (med-
ian: 66.5) years. There were 42 cases of bilateral effusion
and 28 cases of unilateral effusion. All patients had a history
of head trauma. The Glasgow coma score (GCS) was 6—15
(average: 13.23 £ 2.72) points on admission. The selected
patients met the diagnostic criteria for TSEs as proposed by

John et al.:>3

(1) The effusion appeared within 10 days of
head trauma; (2) Similar uniform low-density area and
width > 3mm; (3) CT value of lesion area < 20 Hu; (4)
CT did not show any enhanced capsule. Patients with intra-
cranial hematoma requiring surgery or those with other
diseases requiring special treatment after admission are
excluded. Subsequently, 17 patients were assigned to the
evolved group and 53 to the non-evolved group based on

their evolution into CSDH.

The Standards of TSE Evolves to CSDH

(1) CT scan within 10 days after traumatic subdural effu-
sion and subdural hematoma appeared 3 weeks after trau-
matic brain injury; (2) CT scan of the skull showed slightly
low or low-density shadow, CT value > 20Hu; (3) MRI

showed marked changes in the signal in both T; and T,
weighted images, and the envelope was enhanced.*

Data Collection

All patients underwent more than 3 CT examinations during
hospitalization. The concomitant brain contusion, the loca-
tion of the first unilateral and bilateral effusion, the time of
occurrence, the CT value of the effusion, the maximum CT
thickness of the effusion, and CT layer height were recorded.
Among these parameters, the CT layer height of the effusion
refers to the layer thickness of the CT scan x the number of
layers of the effusion. The layer thickness of the conventional
CT scan in our hospital was 6 mm. The maximum CT
thickness of the effusion refers to the maximum vertical
distance of the skull plate from the brain surface, which is
directly measured by the picture archiving and communica-
tion systems (PACS). The CT value of the effusion was
directly measured by the PACS. Also, the daily amount of
mannitol and the number of days during the treatment,
whether or not atorvastatin calcium tablets were administered
orally, whether antiplatelet aggregation drugs and anticoagu-
lants were used, and whether the blood coagulation routine
was abnormal was evaluated. All patients were followed up
for 1 year. CT examination was performed to understand the
absorption, progression, and evolution of effusion.

Statistical Analysis

SPSS18.0 was used to analyze the data, and the measurement
data consistent with the normal distribution were expressed
as (mean * standard deviation). The measurement data for
non-normal distributions were expressed as medians, and
non-parametric tests were applied. Enumeration data were
assessed by the y* test. Logistic regression multivariate ana-
lysis of variance was used to explore the related risk factors.
P < 0.05 indicated statistically significant difference.

Results

A total of 70 TSE patients included 28 with unilateral effu-
sion, 42 with bilateral effusion, 42 with frontal effusion, and
28 with frontotemporal effusion. Of these, 17 patients
(24.3%) evolved into CSDH: 9 evolved into hematomas on
the left, 4 on the right, and 4 on both sides. The maximum
thickness of subdural effusion detected by was 3—17.4 (aver-
age: 5.144 £ 1.98) mm. The CT layer height of the effusion
was 12-72 (median: 30) mm. The effusion CT value was
3-18 (average: 8.06 +2.29) Hu. The time of effusion appear-
ance was 1-10 (average: 4.24 + 2.64) days after injury. TSE
evolved into CSDH in 22-185 (median: of 51) days.
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Single-Factor Analysis Affecting the
Evolution of TSE to CSDH

The univariate analysis showed that compared to the non-
evolved group, the presence or absence of combined brain
contusion, the time of effusion appearance, the use or not
of atorvastatin calcium tablets after the effusion, and the
CT value of the effusion were statistically significant
(P < 0.05). The other factors did not significantly between
the two groups (Table 1).

Multifactorial Analysis of the Evolution of
TSE to CSDH

Factors that were statistically different in univariate analysis,
such as a combined brain contusion, the time of effusion
appearance, consumption of atorvastatin calcium tablets after
the effusion, and the CT value of the effusion as independent
variables, evolved into CSDH. The presence or absence of
CSDH was used as the binary classification dependent vari-
able. Furthermore, logistic multivariate regression analysis
showed that the combined brain contusion (OR = 16.247,
95% CI: 1.831-144.157, P = 0.012), no consumption of
atorvastatin calcium tablets (OR = 60.028, 95% CI:
6.103-590.399, P = 0.0001) and high CT value of the first
effusion (OR = 1.285, 95% CI: 1.067—-1.547, P = 0.008) were
independent risk factors for the evolution of TSE into CSDH.
The time of the effusion appearance (OR = 0.573, 95% CI:
0.349-0.941, P =0.028) was a protective factor, indicating that
earlier the effusion appears, easier it is to evolve into CSDH
(Table 2).

ROC Model of the Independent Risk

Factors

The independent risk factors obtained by logistic multi-
variate regression analysis were included in the ROC
model. The area under the curve, standard error, 95% CI,
P-value, and a cutoff value of the independent risk factors
are shown in Table 3. Except for the area under the brain
contusion curve (0.694), the area under the other curves
was >0.70, suggesting that the prediction model has high
diagnostic accuracy (Figure 1). The cutoff value of the
time of effusion appearance after the injury was 3.5 days,
and the cutoff CT value of the effusion was 11.5 Hu,
suggesting that if the time of effusion appearance after
the injury was <3.5 days and the CT value of the effusion
was >11.5 Hu, the condition of the patients could poten-
tially evolve into CSDH.

Table | Clinical Characteristics of the 70 TSE Patients and
Single-Factor Analysis of the Related Risk Factors

Related Factors TSE Evolved to CSDH P value
Yes (n=17) No (n=53)
Sex
Male 16 43 0.273
Female | 10
Age (years, meantSD) 62.12+18.23 | 64.21+13.46 | 0913
Subdural effusion location 0.094
Frontal 8 34
Fronto-temporal 9 19
One side or double 0611
One side 6 22
Double sides 11 31
GCS scores on admission 12.82+2.88 13.36+2.68 0416
Brain contusion 0.005*
Yes 13 20
No 4 33
Days of effusion appeared after injury | 3.0£2.14 4.70+2.68 0.003*
Mannitol used per day(mL) 0.361
0 10 39
=300mL 6 I
> 300mL | 3
Days of mannitol used (day) 4.71£2.01 2.15%2.16 0.223
Atorvastatin Calcium use (20mg/d) 0.0001°
Yes 5 45
NO 12 8
Antiplatelet agent use 1.000
Yes 0 3
No 17 50
Anticoagulants use 0.568
Yes | 8
No 16 45
Blood clot routine 0.160
Normal 17 44
Abnormal 0 9
Layer height of effusion on CT (mm)
Left 38.88+22.52 | 27.28+18.72 | 0.127
Right 33.64+26.00 | 26.75+15.84 | 0.945
Thickness of effusion on CT (mm)
Left 6.19+4.20 4.76%3.21 0.231
Right 4.94£3.95 4.08+2.24 0.256
CT value of effusion (Hu)
Left 11.29+ 5.35 7.32+5.09 0.006"
Right 829 +7.16 7.70+4.52 0.118

Note: °Bold formatting indicates these are statistically different.
Abbreviations: TSE, traumatic subdural effusion; CSDH, chronic subdural hema-
toma; GCS, Glasgow coma score; CT, computed tomography.
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Table 2 Logistic Multivariate Regression Analysis of Risk Factors
for TSE to CSDH Evolution

Factors OR 95% CI P value
value

Combined brain contusion 16.247 1.831-144.157 | 0.0120

No consumption of 60.028 | 6.103-590.399 | 0.0001

atorvastatin calcium

High CT value of effusion 1.285 1.067—1.547 0.0080

The time of the effusion 0.573 0.349-0.941 0.0280

appearance

Abbreviations: OR, odds ratio; Cl, confidence interval.

Discussion

TSE was first proposed by Mayo in 1894 but did not
attract clinicians’ attention until 1979 when Yamada et al
reported three cases in which TSE evolved to CSDH.°
Since then, related reports have gradually increased, but
the evolution rates of their respective reports have also
differed by 8-47%.” This evolution might be attributed
to the following reasons: the increase in subdural effusion
that leads to an increase in the space between the ara-
chnoid and the dura mater, which in turn, leads to bleeding
after the bridge vein is pulled; after a long period of
subdural effusion, an envelope is formed; bleeding after
neovascularization in the membrane; fibrin dissolves and
increases in the effusion, leading to bleeding due to coa-
gulation dysfunction; changes in the properties of the
effusion, small molecule inflammatory substances cause
degradation of lymphocyte aggregation after degradation,
leading to the formation of hematomas due to leakage of
new capillaries.>'®!'" In clinical practice, we observed that
most of the subdural effusion could be self-absorbed, some
progressed, and a small part of the effusion evolved into
CSDH. Thus, the clinical characteristics of TSE patients
that are likely to evolve into CSDH are worth investigat-
ing. In this retrospective study, we analyzed the clinical
data of 70 TSE patients with return visit information and
found that 17 evolved into CSDH. Thus, the analysis of
relevant factors to summarize the risk factors for TSE into

Table 3 ROC Model of the Independent Risk Factors

CSDH would aid in early detection, intervention, and
treatment in the clinical setting in the future.

Univariate analysis revealed that the subdural effusion
appeared earlier in the evolution group than the non-
evolution group, with an average of 3.0 + 2.14 days.
Logistic multivariate regression analysis showed that the
OR value of the time of the effusion appearance was 0.573,
which was <I1. It indicates that the earlier the effusion
appears, the easier it is to evolve into CSDH. The cutoff
value of 3.5 days, suggested that the time of effusion
appearance after the injury was <3.5 days and could poten-
tially evolve into CSDH. In addition, the univariate and
multivariate analysis suggested that combined brain contu-
sion was an independent risk factor for TSE to evolve into
CSDH (P < 0.05). In summary, the reason may be that the
rupture of the arachnoid after injury, ie, the “one-way
valve” effect is obvious. The subdural effusion increased
significantly in the short term, causing brain tissue displace-
ment. Caused by the bridge vein stretch bleeding or long-
term effusion formation of the envelope, bleeding after the
formation of new blood vessels forms a subdural hema-
toma. The brain contusion patients with venous bleeding
on the surface of the brain and flowing into the subdural
alters the properties and promotes the evolution of the
effusion. In addition, due to the rupture of the pia mater
and arachnoid in the brain contusion patients, the cerebrosp-
inal fluid flowed into the subdural space. In light of the

1213 the inflow of cerebrospinal fluid

glymphatic theory,
into the deep part of the brain along the periarterial space
was reduced, so that aquaporin-4 (AQP4)-mediated outflow
of cerebrospinal fluid decreased. Then, the ability of push-
ing the brain interstitial fluid to flow into the venous space
was weakened, which greatly weakened the bulk flow
ability and the glymphatics’ clearance ability.'*'® The
proteins in the CSF, cell debris, proteins and peptides pro-
duced by the brain contusion were accumulated in a short
time in the subdural space which chelated inflammatory

cells to aggregate and produce inflammatory mediators,

Variable AUC SE 95% CI P value Cutoff Value
Combined brain contusion 0.694 0.072 0.552-0.835 0.017 NA

No consumption of atorvastatin calcium 0.777 0.071 0.638-0.917 0.001 NA

High CT value of effusion 0.720 0.077 0.568-0.871 0.007 11.5 Hu

The time of the effusion appearance 0.735 0.078 0.582-0.887 0.004 3.5 days

Abbreviations: AUC, area under the curve; SE, standard error; Cl, confidence interval; NA, not applicable.
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Figure | Receiver operating characteristic curve of the independent risk factors obtained from the multivariate logistic regression analysis. (A) combined brain contusion
(AUC = 0.694, P = 0.017), no consumption of atorvastatin calcium (AUC = 0.777, P = 0.001), high CT value of effusion (AUC = 0.720, P = 0.007). (B) the time of the effusion

appearance (AUC = 0.735, P = 0.004).

thereby promoting neovascularization and bleeding, lead-
ing to the formation of CSDH.

Consistent with the conclusions of other researchers,'’
the current univariate analysis showed that those with high
CT values of effusion were more likely to evolve into CSDH,
and the difference was statistically significant (P = 0.006).
Logistic multivariate regression analysis also showed that the
high CT value was an independent risk factor for TSE to
evolve into CSDH (P = 0.008), and the OR value was 1.285.
The cutoff value of 11.5 Hu suggested that if the CT value of
the first effusion was >11.5 Hu, it is likely to evolve into
CSDH. We know that the CT value of the effusion represents
the blood and protein content of the effusion. A high CT
value indicates a high blood content and protein content in
the effusion, which can produce several inflammatory med-
iators after degradation, and the inflammatory chemotactic
factors can promote the formation of new envelopes and
blood vessels. The microvascular hemorrhage of the new
blood vessels alters the properties of the effusion, which
gradually evolves into CSDH.

Interestingly, both univariate and multivariate analysis
showed that no usage of atorvastatin calcium tablets after
effusion is a risk factor for TSE evolving into CSDH, and
the differences were statistically significant. Cao et al also
reported that atorvastatin calcium tablets could reduce the
evolution of TSE into CSDH.’ Another study demon-
strated that atorvastatin calcium tablets can not only inhibit
the synthesis of cholesterol, but also significantly inhibit
the inflammatory response, block inflammatory factors,
such as IL-8, and induce inflammatory cell infiltration
and vascular proliferation, thereby effectively promoting

the absorption of TSE and reducing the evolution to
CSDH.'®!" In addition, another study also demonstrated
that MMP-2 and MMP-9 played an important role in
promoting the formation of CSDH in the outer membrane
of hematomas.?® Statins can reduce the expression of
MMP-9 mRNA and protein, which may inhibit the evolu-
tion of TSE to CSDH by inhibiting the local inflammation
of subdural effusion.?’** In this retrospective analysis,
some patients administered atorvastatin calcium tablets
due to dyslipidemia or combined cardiovascular and cere-
brovascular diseases. The results showed that atorvastatin
calcium tablets exert a preventive effect on the evolution
of TSE into CSDH.

In summary, the current study found that traumatic sub-
dural effusion combined with brain contusion, early onset of
effusion, high CT value of the effusion, and no use atorvas-
tatin calcium tablets after effusion were risk factors for the
evolution of TSE into CSDH, especially in patients with
subdural effusion that appeared within 3.5 days after injury,
and the first CT value of the effusion was >11.5 Hu. These
patients need to be under observation, close follow-up, and
dynamic review of CT. After the progress or evolution of
effusion is found, early intervention and treatment are
needed. For patients who are not contraindicated with oral
atorvastatin calcium tablets, administration of atorvastatin
calcium tablets after effusions may play a role in promoting
the absorption of effusions and reducing the evolution into
CSDH. Nevertheless, this study had some limitations due to
small sample retrospective studies. Thus, additional samples
and multicenter prospective studies would be needed to
substantiate these findings in the future.
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