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ORIGINAL RESEARCH

Predictive Value of Subdural Effusion Thickness for
the Transformation of Post-Traumatic Subdural
Effusion into Chronic Subdural Hematoma

Jinxiao Li, MM; Xianli Chao, MM; Fengbo Wang, MM; Xiaowa Yuan, BM;
Ming Zhang, MM; Zhaohui Xiang, BM

ABSTRACT

Objective « The primary aim of this research is to investigate
the predictive value of subdural effusion thickness in
determining the progression of post-traumatic subdural
effusion to chronic subdural hematoma. Studying this
progression is crucial as it helps in early diagnosis and
effective management of chronic subdural hematoma, which
is a serious and life-threatening condition. This research is
valuable and relevant for improving patient outcomes and
reducing the associated risks and complications.

Methods « We conducted a retrospective examination of
the clinical data obtained from 124 patients who were
treated for post-traumatic subdural effusion at our
neurosurgery department between March 2017 and
March 2021. The data collection process involved
reviewing the patients medical records, radiographic
images, and follow-up visits. We used strict criteria for
patient selection, including a confirmed diagnosis of
post-traumatic subdural effusion, availability of follow-up
data, and no prior history of chronic subdural hematoma.
Patients who experienced a progression of subdural
effusion to chronic subdural hematoma were assigned to
the hematoma group (26 cases). In comparison, those
who did not show such progression were categorized into
the effusion group (98 cases). We endeavored to identify
potential risk factors contributing to the progression from
subdural effusion to chronic subdural hematoma. The
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INTRODUCTION
Traumatic Subdural Effusion (TSE) is a common
consequence of traumatic brain injury. It occurs when brain

predictive strengths of these risk factors were evaluated
using receiver operating characteristic (ROC) curves.
Results « There were no statistically significant disparities
between the two groups in terms of gender, hypertension,
COPD, and GCS scores (P > .05). However, significant
differences were noted in the variables of age, tSAH, the
location of subdural effusion, and subdural effusion
thickness (P < .05). Multivariate logistic regression analysis
disclosed age (1.213), tSAH (12.542), and subdural effusion
thickness (1.786) as independent risk factors for the
conversion of TSE to CSDH (P < .05). The ROC curve
showed the AUC values of age, tSAH, and subdural
effusion thickness for predicting CSDH to be 0.739, 0.670,
and 0.820, respectively, with a combined AUC value of
0.942, thereby outperforming the individual tests.
Conclusion « In patients suffering from post-traumatic
subdural effusion, the thickness of the subdural effusion
emerges as a strong predictor for its progression into a
chronic subdural hematoma. Clinicians should be
particularly cautious when the effusion thickness exceeds
10.7 mm, as the likelihood of transformation increases
significantly. These findings have important implications
for clinical practice and patient management, highlighting
the need for prompt and effective treatment to prevent
chronic complications. (Altern Ther Health Med. [E-pub
ahead of print.])

tissue is displaced within the skull following a traumatic
event, resulting in a breach in the arachnoid membrane. This
breach allows for the leakage of blood and the flow of
cerebrospinal fluid into the subdural cavity, driven by
intracranial pressure gradients. However, due to the
operation of theliving valve in the arachnoid, the accumulated
cerebrospinal fluid cannot return to the subarachnoid space.
As a result, it accumulates in the subdural cavity.'

MAYO first described TSE in 1894,> and it was originally
thought to be a relatively rare condition. However, recent
studies have suggested that a certain subset of patients
subsequently evolve into Chronic Subdural Hematoma
(CSDH). Clinical observations also suggest that numerous
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patients with Traumatic Brain Injury (TBI) simultaneously
develop TSE, which later progresses into CSDH.>* As TBIs
are often mild and require brief hospitalization periods, TSE
may often be overlooked by healthcare providers and patients
alike, which can even result in cases being lost to follow-up.**
Chronic Subdural Hematoma (CSDH) is a severe health
event that can have significant consequences for patients.
Potential symptoms include headaches, confusion, seizures,
plications can arise from the pressure of the hematoma on
the brain, leading to neurological deficits and potentially
life-threatening conditions. The impact on patients’ lives can
be substantial, with long-term disability and even death in
severe cases. Studying the progression of CSDH is important
to better understand its development, improve early
detection, and develop effective treatments to prevent
complications and improve patient outcomes.

Recognized risk factors for the progression of TSE to
CSDH include age, bilateral TSE, and CT values of subdural
effusion. However, the possibility of other contributing
factors in the progression from TSE to CSDH in TBI patients
remains uncertain.®® CSDH is considered a severe health
event, particularly in the elderly population. International
data suggests an alarming 5-year mortality rate of up to
34.8%, which questions its label as a benign condition."

Our study aimed to address the knowledge deficit
regarding the progression from traumatic subdural effusion
(TSE) to chronic subdural hematoma (CSDH) following
traumatic brain injury (TBI). The existing literature lacks a
comprehensive understanding of the risk factors involved in
this progression and their predictive power for such a
transition. This research gap drove our investigation, as we
sought to identify specific risk factors implicated in the
development of CSDH among TSE patients. By filling this
knowledge gap, we aimed to provide valuable insights for the
establishment of clinical prevention and treatment strategies
targeting this critical transition. In this investigation, we
evaluated the clinical data of 124 patients suffering from TSE
following TBI, 26 of whom developed CSDH. We aimed to
identify risk factors implicated in the progression from TSE
to CSDH and to determine their predictive power for such a
transition. The ultimate goal was to provide a reference point
for establishing clinical prevention and treatment strategies.
In summary, our study contributes to the field of neurosurgery
by providing valuable insights into the risk factors and
predictive power associated with the progression from TSE
to CSDH. The clinical implications of our findings include
the development of targeted prevention and treatment
strategies, risk stratification, and resource allocation
optimization.

PATIENTS AND METHODS
Research Participants

We performed a retrospective analysis of clinical records
from 124 TBI patients with concurrent TSE who were treated
in our neurosurgery department between March 2017 and
March 2021. The patient cohort comprised 85 males (68.55%)

and 39 females (31.45%) ranging in age from 42 to 82 years,
with an average age of 66.36+7.14 years. Hypertension was
identified in 21 cases (16.94%), and Chronic Obstructive
Pulmonary Disease (COPD) was noted in 13 cases (10.48%).
The average Glasgow Coma Scale (GCS) score was 14.14+1.65,
and traumatic subarachnoid hemorrhage (tSAH) co-occurred
in 22 cases (17.74%). The mean thickness of the subdural
effusion was 9.431+2.52 mm, with subdural effusion
encompassing <2 cerebral lobes in 67 cases (54.03%) and >3
cerebral lobes in 57 cases (45.97%).

Inclusion Criteria: (1)Patients who sought treatment
within 24 hours of sustaining a head injury and underwent
cranial CT scanning, (2)Patients who demonstrated subdural
effusion on cranial CT or MRI within 10 days post-injury,
with an increase in subdural effusion thickness of >3 mm
compared to the first 24 hours post-injury, (3)Patients
without any further head trauma post-TSE diagnosis, (4)
Patients with at least a 3-month follow-up after TSE diagnosis,
(5)Patients who were 18 years of age or older.

Exclusion Criteria: (1)Patients whose initial cranial CT
scan post-injury showed subdural effusion but who displayed
no subsequent increase in subdural effusion thickness after a
minimum 10-day follow-up, indicating a lack of significant
correlation between the effusion and trauma, (2)Patients
with an effusion thickness >1.0 cm and significant mass effect
requiring immediate surgical intervention, (3)Patients with a
history of long-term oral antiplatelet or anticoagulation
medication usage, (4)Patients with evident coagulation
disorders, (5)Patients with concurrent trauma to vital organs
such as the heart, liver, or kidneys, (6)Those with a medical
history of hepatic or renal failure or malignant tumors.

Prognostic Criteria

(1) Diagnostic criteria for TSE* TSE is recognized
within 10 days post-traumatic brain injury; the CT scan
displays a homogenous subdural low-density region similar
in density to cerebrospinal fluid, exceeding 3 mm in thickness
and compressing the adjacent brain tissue; the CT Hounsfield
unit value of the effusion is less than 20 Hu; and there is no
significant enhancement of the encapsulating layer.

(2) Criteria for predicting the progression of TSE into
CSDH*: Clear evidence of post-traumatic subdural effusion
is noted; subdural hematoma appears three weeks post-
traumatic brain injury; serial CT or MRI scans demonstrate
the transformation of subdural effusion into chronic subdural
hematoma; cranial CT presents as low or slightly low-density
areas, while MRI exhibits hyperintense changes on both T1-
and T2-weighted images, with an enhanced encapsulating
layer after contrast administration.

Observational Parameters

Relevant clinical data was collected from patients,
including variables such as age, gender, hypertension, COPD,
co-existing tSAH, GCS score upon admission, and the
thickness and size of the subdural effusion. The thickness of
the subdural effusion for each patient was independently
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Table 1. Univariate Analysis of Clinical Characteristics and
Potential Risk Factors in Two Patient Groups

Table 2. Multivariate Regression Analysis of Risk Factors for
Conversion of TSE to CSDH

Abbreviations: COPD, Chronic Obstructive Pulmonary Disease; tSAH,
Traumatic Subarachnoid Hemorrhage.

measured by an attending physician and an associate chief
physician from the Department of Neurosurgery, with the
derived average value being recorded.

Statistical analysis

All statistical analyses were performed using Statistic
Package for Social Science (SPSS) software (version 21.0, IBM,
Armonk, NY, USA). For experimental data following a
normal distribution, values were expressed as x + s.
Comparisons between the two groups were conducted using a
paired t test. Count data were reported as frequencies or
proportions, and differences between the two groups were
evaluated using a chi-square test. Factors that were statistically
significant in the univariate analysis were included in the
multivariate analysis. Multivariate analysis was executed using
a logistic regression model. The predictive power of relevant
factors for the progression from TSE to CSDH was evaluated
using receiver operating characteristic (ROC) curves. These
curves provide a visual representation of the trade-off between
sensitivity and specificity for different cut-off points of a
diagnostic test, in this case, the factors being evaluated in the
study. A P-value less than 0.05 was considered indicative of
statistical significance.

RESULTS
Clinical Characteristics of Patients and Univariate
Analysis

Within this study cohort, 26 cases (20.97%) developed
into hematoma, and 98 cases (79.03%) remained as effusion,
indicating a 20.97% conversion rate of TSE into CSDH.
Comparisons between the two groups uncovered no
statistically significant differences in terms of gender,
presence of hypertension, COPD, or GCS scores (P > .05).
Nevertheless, significant differences were observed in
variables including age, incidence of tSAH, location of
subdural effusion, and thickness of subdural effusion (P <
.05). In the univariate analysis, age, incidence of tSAH,
location of subdural effusion, and thickness of subdural

Case | Hematoma Effusion ty? Factors B value | SE value | Ward value | OR value 95%CI | P value
Items count | Group (n = 26) | Group (n = 98) | value |P value Age 0.193 0.076 6.455 1.213 1.045~1.407 | .012
Age (years, x + 5) 71.65+7.14 63.27+7.94 4.881 | .000 tSAH 2.529 0.889 8.093 12.542 | 2.196~71.630 | .000
sex [case (%)] Subdural effusion thickness | 0.579 0.236 6.039 1.786 1.124~2.836 | .006
Male 85 21 64 2.279 | 1311 Effusion location 1.092 0.914 1.429 2983 ]0.497~17.892| .254
Female 39 5 34
Hypertension [case (%)]
‘Ises 2L - L 0882 | 348 | | Table 3. Predictive Value of Age, tSAH, and Subdural
o
COPD [case (%)] Effusion Thickness for Conversion of TSE to CSDH
Yes 13 3 10 0.039 | .844
No 111 23 88 Cutoff
9,
ts?;{ [case (O0)] 2 9 3 6418 | 011 Indicator Value |AUC |95%CI Specificity (%) |Sensitivity (%) | P value
No 102 17 35 Age 70 0.739 [0.604 ~0.874|71.65 61.80 .003
L - 7 Subdural Effusion [case (% tSAH / 0.670 [0.516~0.823 |61.28 50.27 .035
ocation of Sul )] - -
<2 lobes o7 3 61 12,6911 000 Subdural effusion thickness [10.7  |0.820 |0.702~0.937 |76.26 76.37 .000
>3 lobes 57 20 37 Combined detection / 0.942 [0.882~0.999 193.28 81.45 .000
GCS Score (score, x * 5) 13.75+1.55 14.43+1.80 1.760 | .081
Thickness of Subdural Effusion (mm, x + s) 12.14+2.68 9.15+2.47 5.390 | .000

Figure 1. ROC Curve for Age Prediction of CSDH
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effusion were found to be significantly associated with the
progression of TSE into CSDH (P < .05, Tablel).

Multivariate Analysis of Risk Factors for TSE Progressing
into CSDH

A multivariate logistic regression analysis was conducted
on factors with a P < .05 in the univariate analysis. The
results suggested that age (1.213), co-occurrence of tSAH
(12.542), and thickness of subdural effusion (1.786) were
identified as independent risk factors for the progression of
TSE into CSDH (P < .05). Multivariate logistic regression
analysis revealed that age (OR 1.213), co-occurrence of
tSAH (OR 12.542), and thickness of subdural effusion (OR
1.786) were independent risk factors for the progression of
TSE into CSDH (P < .05, Table2 ).

Prognostic Utility of Age, tSAH, and Thickness of Subdural
Effusion in Predicting TSE Conversion into CSDH

With age, co-occurrence of tSAH, and subdural effusion
thickness as predictive variables and the development of
CSDH as the actual outcome, a receiver operating
characteristic (ROC) curve was constructed. The resultant
areas under the curve (AUCs) for predicting CSDH based on
age, tSAH, and subdural effusion thickness were 0.739,
0.670, and 0.820, respectively. When these predictors were
combined, the AUC increased to 0.942, which surpassed
those of the individual predictors. For more detailed
information, please refer to Table 3 and Figures 1-4.
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Figure 2. ROC Curve for tSAH Prediction of CSDH

10

o /—'/

/

S

o
-
I

Sensitivity'%
e
-
r

2)+

T T

0 20 40 60 30 100
100 - Specificity%

Figure 3. ROC Curve for Subdural Effusion Thickness
Prediction of CSDH
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Figure 4. ROC Curve for Combined Detection Prediction of

CSDH
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DISCUSSION

Typically, Traumatic Subdural Effusion (TSE) may
follow one of three trajectories: absorption, stagnation, or
enlargement, progressing to Chronic Subdural Hematoma
(CSDH). The possibility of TSE transitioning into CSDH was
first proposed by Yamada in 1979, leading some researchers
to view TSE as a preliminary stage of CSDH. In 2008,
Professor Jiang Jiyao and his team suggested that TSE and
CSDH might represent different stages of the same
inflammatory response.'’ While various theories and
hypotheses have been presented to explain this transformative

tendency, such as the rupture of bridging veins and neutrophil
oxidative bursts induced by interleukin-8, these mechanisms
are not fully understood.* Although there is a consensus that
TSE can evolve into CSDH, an essential task for clinicians is
to identify which TBI patients are at a heightened risk for
this transformation. Our study revealed that, in TBI patients
with TSE, the thickness of the subdural effusion serves as a
reliable indicator of TSE’s potential progression to CSDH.
The probability of this transition increases when the effusion
thickness exceeds 10.7 mm.

Our study establishes a link between the thickness of
subdural effusion in TSE patients and the progression of TSE
to CSDH. An increased thickness of subdural effusion
signifies a larger subdural space, which in turn heightens the
risk of bridging vein rupture and subsequent bleeding. This
raises the likelihood of CSDH development. Additionally,
an increased effusion thickness may prolong the absorption
time and lead to encapsulation of the effusion. This
encapsulation can develop into a hematoma, with incomplete
capillary walls potentially increasing permeability and
exudation, thereby contributing to the formation of CSDH.
The persistence of TSE may also result in CSDH due to
recurring microbleeds within the neomembrane." Existing
literature suggests that early surgical intervention for
subdural effusion showing a mass effect can reduce the risk
of this transformation, potentially by interrupting the
process of the effusion transforming into a cystic tumor and
the formation of encapsulation.>** Several studies have
identified the thickness of subdural effusion as an
independent risk factor for the transition of TSE to CSDH,'>*¢
although the direct relationship between eftfusion thickness
and this transition has yet to be fully elucidated. We
conducted a Receiver Operating Characteristic (ROC)
analysis on this risk factor and obtained an Area Under the
Curve (AUC) of 0.820, with a cutoff value of 10.7 mm. This
showcases its predictive value; the risk of transition in TBI
patients heightens when the thickness of the subdural
effusion exceeds 10.7 mm. These findings are consistent with
those reported by Fan et al.”’, who suggested a cutoff value
for effusion thickness of 11.37 mm.

Discussion about the role of tSAH in the progression
from TSE to CSDH is scant in existing literature. When a
TBI occurs, the formation of arachnoid fissures can be
anticipated, especially in the presence of tSAH. The rupture
in the arachnoid membrane functions similarly to a one-way
active valve, allowing cerebrospinal fluid (CSF) mixed with
blood from the subarachnoid space to accumulate in the
subdural cavity through the fissures, thus leading to TSE.* It
is widely acknowledged that the source of effusion in TSE
patients is the CSF from the subarachnoid space.>” When
tSAH accompanies TBI, the resultant subdural effusion may
contain blood elements. These blood components break
down to form inflammatory mediators, which in turn
stimulate the production of cytokines such as Interleukin-6
(IL-6) and Interleukin-8 (IL-8). These cytokines can foster
the formation ofan encapsulating membrane. Simultaneously,
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IL-8 facilitates the infiltration of inflammatory cells and
enhances the permeability of neovasculature. Continual
bleeding into the effusion encapsulation gradually evolves
into CSDH."”* Our study posits that tSAH can accelerate
this progression, potentially due to an increased presence of
blood components in the subdural effusion during tSAH, as
suggested by a rise in the CT value of the effusion. Prior
literature has identified an independent association between
ahigher CT value of the subdural effusion and its progression
from TSE to CSDH."*?' An increased CT value in TSE
patients following tSAH, combined with the proven
association between tSAH and effusion progression,
indirectly confirms the link between elevated eftusion CT
values and effusion progression.

There is currently no consensus on whether age serves
as a risk factor for the transition from TSE to CSDH. Some
researchers posit that extreme ages represent a risk factor for
this transition.” Within the context of surgical interventions
for unruptured aneurysms via craniotomy clipping, it is
suggested that the risk of transition escalates when the
patient’s age exceeds 60 years.” On the contrary, some reports
refute age as a risk factor for the transformation from TSE to
CSDH."** This study revealed a statistically significant age
difference between the hematoma and effusion groups
(P<0.05). It appears that TSE patients older than 70 years
exhibit an increased propensity for progression to CSDH.
This can be ascribed to the fact that older patients tend to
exhibitsomedegree of cerebralatrophy, which consequentially
establishes a larger subdural space. In these situations, the
arachnoid granulation veins and bridging veins are prone to
tension, potentially leading to hemorrhage—a recognized
risk factor for the transition to CSDH.5%%

In conclusion, a plethora of risk factors contribute to the
transition from TSE to CSDH. The evolving trajectory from
TSE to CSDH merits close scrutiny. Particularly when
patients are of advanced age, present with concurrent tSAH,
and exhibit significant subdural effusion thickness, such
transition tends to occur more readily. The collective
predictive power of these risk factors, demonstrated by an
area under the curve (AUC) of 0.942, bears significant
predictive value. Therefore, for TSE patients, especially those
manifesting the aforementioned risk factors, timely CT or
MRI examinations should be initiated to diagnose CSDH
and enable swift treatment definitively. Timely CT or MRI
examination is important for the definitive diagnosis of
chronic subdural hematoma (CSDH) in patients with
traumatic subdural effusion (TSE), especially in older
patients with traumatic subarachnoid hemorrhage (tSAH)
and showing significant subdural effusion thickness. By
identifying these risk factors, healthcare providers can
proactively initiate appropriate interventions that improve
patient outcomes and promote rapid treatment.

The clinical implications of our findings highlight the
importance of timely CT or MRI examinations for patients
with TSE, particularly those who exhibit the aforementioned
risk factors. Early detection and diagnosis of CSDH enable

prompt treatment initiation. Healthcare providers should be
aware of these risk factors and proactively initiate appropriate
interventions to improve patient outcomes. However, it is
important to acknowledge the limitations of our study.
Potential sources of bias or confounding factors should be
considered, and the generalizability of our findings to other
populations or settings should be examined. Future research
in this area should focus on addressing unanswered questions
and exploring areas that require further investigation. This
will provide a roadmap for researchers interested in
expanding upon our work and advancing the understanding
of TSE and CSDH. The identification of risk factors for the
transition from TSE to CSDH has significant implications for
clinical decision-making. Healthcare providers should
consider specific interventions or preventive measures for
at-risk patients. By recognizing these risk factors, clinicians
can make informed decisions and implement appropriate
strategies to mitigate the progression to CSDH. In summary,
our study emphasizes the importance of early detection,
timely intervention, and patient management in the context
of TSE and CSDH. By understanding the key findings and
their broader implications, healthcare providers can enhance
patient care and improve outcomes in this population.

ETHICAL COMPLIANCE

This study was approved by the ethics committee of Xinyi People’s Hospital.

CONFLICT OF INTEREST

‘The authors have no potential conflicts of interest to report relevant to this article.

AUTHOR CONTRIBUTIONS

JL and ZX designed the study and performed the experiments, XC and FW collected the data, XY and
MZ analyzed the data, JL and ZX prepared the manuscript. All authors read and approved the final
manuscript.

FUNDING

This study did not receive any funding in any form.

REFERENCE
1. WuR,YeY,MaT,Jia G, Qin H. Management of subdural effusion and hydrocephalus following
decompressive craniectomy for posttraumatic cerebral infarction in a patient with traumatic
brain injury: a case report. BMC Surg. 2019;19(1):26. doi:10.1186/512893-019-0489-5
2. Su TM, Lee TH, Huang YH, Su FW, Chen WE Contralateral subdural effusion after
decompressive craniectomy in patients with severe traumatic brain injury: clinical features and
outcome. ] Trauma. 2011;71(4):833-837. doi:10.1097/TA.0b013e31821b092a
3. Wen PS, Herrin I, Pittman A. Feasibility of Yoga to Improve Symptoms in Individuals With
Severe, Chronic Traumatic Brain Injury: A Mixed-Methods Case Series. Altern Ther Health Med.
2022;28(1):32-37.
4. Tao Z, Lin Y, Hu M, Ding S, Li J, Qiu Y. Mechanism of subdural effusion evolves into chronic
subdural hematoma: IL-8 inducing neutrophil oxidative burst. Med Hypotheses. 2016;86:43-
46. doi:10.1016/j.mehy.2015.11.027
5. Wang Y, Wang C, Liu Y. Chronic subdural haematoma evolving from traumatic subdural
hydroma. Brain Inj. 2015;29(4):462-465. doi:10.3109/02699052.2014.990513
6. Miki K, Abe H, Morishita T, et al. Double-crescent sign as a predictor of chronic subdural
hematoma recurrence following burr-hole surgery. J Neurosurg. 2019;131(6):1905-
1911. doi:10.3171/2018.8.J]NS18805
7. Park J, Cho JH, Goh DH, Kang DH, Shin IH, Hamm IS. Postoperative subdural hygroma and
chronic subdural hematoma after unruptured aneurysm surgery: age, sex, and aneurysm
location as  independent risk  factors. ] = Neurosurg.  2016;124(2):310-
317. doi:10.3171/2015.1.JNS14309
8. Ahn JH, Jun HS, Kim JH, Oh JK, Song JH, Chang IB. Analysis of Risk Factor for the
Development of Chronic Subdural Hematoma in Patients with Traumatic Subdural Hygroma. J
Korean Neurosurg Soc. 2016;59(6):622-627. doi:10.3340/jkns.2016.59.6.622
9. Chen S, Peng H, Shao X, et al. Prediction of Risk Factors for the Evolution of Traumatic Subdural
Effusion into Chronic Subdural Hematoma. Neuropsychiatr Dis Treat. 2020;16:943-
948. doi:10.2147/NDT.S245857
10. Manickam A, Marshman LA, Johnston R. Long-term survival after chronic subdural
haematoma. J Clin Neurosci. 2016;34:100-104. doi:10.1016/j.jocn.2016.05.026
11.  FengJE Jiang JY, Bao YH, Liang YM, Pan YH. Traumatic subdural effusion evolves into chronic
subdural hematoma: two stages of the same inflammatory reaction? Med Hypotheses.
2008;70(6):1147-1149. doi:10.1016/j.mehy.2007.11.014
12.  Lee KS, Bae WK, Doh JW, Bae HG, Yun IG. Origin of chronic subdural haematoma and relation
to traumatic subdural lesions. Brain Inj. 1998;12(11):901-910. doi:10.1080/026990598121972
13.  Vega RA, Valadka AB. Natural History of Acute Subdural Hematoma. Neurosurg Clin N Am.
2017;28(2):247-255. doi:10.1016/j.nec.2016.11.007

ALTERNATIVE THERAPIES, [E-PUB AHEAD OF PRINT]

Li—Effusion Thickness Predicts Chronic Hematoma Transformation




This article is protected by copyright. To share or copy this article, please visit copyright.com. Use ISSN#1078-6791. To subscribe, visit alternative-therapies.com

14.  Wang H, Zhao J, Li Y, Feng Y, Bie L. Surgical management of the patients with chronic subdural
haematoma and contralateral subdural effusion: operation or no-operation? Brain Inj.
2015;29(5):618-622. doi:10.3109/02699052.2015.1004560

15.  Ohno K, Suzuki R, Masaoka H, Matsushima Y, Inaba Y, Monma S. Chronic subdural haematoma
preceded by persistent traumatic subdural fluid collection. J Neurol Neurosurg Psychiatry.
1987;50(12):1694-1697. doi:10.1136/jnnp.50.12.1694

16. Edlmann E, Whitfield PC, Kolias A, Hutchinson PJ. Pathogenesis of Chronic Subdural
Hematoma: A Cohort Evidencing De Novo and Transformational Origins. ] Neurotrauma.
2021;38(18):2580-2589. doi:10.1089/neu.2020.7574

17.  Fan G, Ding J, Wang H, et al. Risk factors for the development of chronic subdural hematoma in
patients with subdural hygroma. Br J Neurosurg. 2021;35(1):1-
6. doi:10.1080/02688697.2020.1717444

18.  Kim BO, Kim JY, Whang K, et al. The Risk Factors of Subdural Hygroma after Decompressive
Craniectomy. Korean ] Neurotrauma. 2018;14(2):93-98. doi:10.13004/kjnt.2018.14.2.93

19. Heula AL, Sajanti ], Majamaa K; Glycosaminoglycans in subdural fluid and CSF after meningeal
injury. Acta Neurochir. 2015;157(12):2105-2110, 2110. doi:10.1007/s00701-015-2591-5

20. Suzuki M, Kudo A, Kitakami A, et al; Local hypercoagulative activity precedes hyperfibrinolytic
activity in the subdural space during development of chronic subdural haematoma from
subdural effusion. Acta Neurochir. 1998;140(3):261-265, 265-266. doi:10.1007/s007010050093

21. YuJ, Tang J, Chen M, et al. Traumatic subdural hygroma and chronic subdural hematoma: A
systematic review and meta-analysis. J Clin Neurosci. 2023;107:23-33. doi:10.1016/j.
jocn.2022.11.010

22. Lee KS. The pathogenesis and clinical significance of traumatic subdural hygroma. Brain Inj.
1998;12(7):595-603. doi:10.1080/026990598122359

23.  Liao CC, Xiao E Subdural effusion protects the aging brain from harmful ventriculomegaly. Med
Hypotheses. 2017;108:108-114. doi:10.1016/j.mehy.2017.08.004

Li—Effusion Thickness Predicts Chronic Hematoma Transformation ALTERNATIVE THERAPIES, [E-PUB AHEAD OF PRINT]



