Open Journal of Modern Neurosurgery, 2015, 5, 12-22 “:‘ Scientific
Published Online January 2015 in SciRes. http://www.scirp.org/journal/ojmn ":Q’ gﬁzﬁg;ﬁgg
http://dx.doi.org/10.4236/0jmn.2015.51003 ¢

Traumatic Subdural Effusion Evolving into
Chronic Subdural Hematoma

Seidu A. Richard, Mingcan Wu*, Dong Lin

Department of Neurosurgery, Jingzhou No. 1 People’s Hospital, Clinical Medical College, Yangtze University,
Jingzhou, China
Email: wumingcan@yantzeu.edu.cn

Received 25 October 2014; revised 25 November 2014; accepted 25 December 2014

Copyright © 2015 by authors and Scientific Research Publishing Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

Background: Chronic subdural hematoma (CSDH) is a common complication in head injuries. The
objective of this study is to establish the evolution of traumatic subdural effusion (TSDE) into
CSDH using clinical signs and symptoms as well as radiology. Our aim is to effectively manage such
cases without postoperative recurrence (PR). Methodology: The study was a retrospective cohort
carried out in the No. 1 People’s Hospital of Jingzhou from August 2007 to November 2013. The
hospital is affiliated to the Yangtze University. All the patients included in this study were involved
in road traffic accidents and sustained various degree of head injury. Serial CT scans were done to
establish the development TSDE and the evolution of the TSDE into CSDH and treatment options.
Results: In all 159 patients developed TSDE and out of these 34 which constitute 21.38% had their
TSDE evolving into CSDH. Most of the patients were elderly. Twelve patients were treated conser-
vatively while the remaining patients were treated surgically by drilling and drainage of hemato-
ma. All the patients survived with marked improvement in their sign and symptoms with no re-
currence. Conclusion: TSDE is one of the etiological factors for the development of CSDH in the el-
derly although in most cases the etiology of CSDH is usual multifactory. It must be stated clearly
that, the evolution of TSDE into CSDH is initially a hidden process and presents with nonspecific
signs and symptoms which can easily be missed. CT scan is usually the initial radiology of choice in
making diagnosis of TSDE but MRI could be used to make early diagnosis of the transgression of
TSDE into CSDH, and hence early surgical intervention before the formation of a neomembrane
could reduce PR rate.
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1. Introduction

Chronic subdural hematoma (CSDH) was first described by Virchow in 1857 who thought it was due to “pa-
chymeningitis hemorrhagica interna” [1]-[3]. In 1894 Mayo first noted traumatic subdural hydroma and defined
it as the accumulation of cerebrospinal fluid (CSF) in the subdural space because of rupture of the arachnoid af-
ter head injury [2] [4]. MacConnell who also noticed the same condition described it as traumatic subdural effu-
sion (TSDE) no matter the cause of the accumulation of fluid in the subdural space [4]. Yamada et al. in 1979
were the first to propose the link between TSDE and CSDH although they could not explain the pathogenic
process involving the two conditions [2] [5]. Up to date the pathogenesis of the evolution of TSDE into CSDH is
still a matter of debate and no one has clearly defined it. Although they is still no clear distinction between
TSDE and CSDH [2] [5]-[8], a neomembrane is almost always present in CSDH but TSDE often lacks mem-
brane [9].

2. Objectives

The objectives of this study is to establish the evolution of TSDE into CSDH using clinical signs and symptoms
as well as radiology. The main aim is effective manage CSDH using conservative approach and surgical tech-
nique of drilling and drainage of hematoma without PR.

3. Methodology

The study was a retrospective cohort carried out in the No. 1 People’s Hospital of Jingzhou from August 2007 to
November 2013. The hospital is affiliated to the Yangtze university. The annual admission in the neurosurgery
unit is estimated to be about 1500 patients. Patients who were admitted during this period as a result of traumatic
head injury were included in the study. CT scans were done in the first 24 hours after the accident and repeated
every 72 hours to 10 days to identify patients that developed TSDE. Patients who developed TSDE were further
followed weekly through serial CT scans to determine if their TSDE has evolved into CSDH. Patients demo-
graphic data (sex, age), clinical signs and symptoms, comorbid factors, and the CT scan finding above were do-
cumented.

The relatives of all the patients included in this study were informed appropriately since most of the patient
were not in the right frame of mind and they all agreed to participate in the study. Patients relatives signed all
agreement documents pertaining to their management before any procedures were done. The protocol for the
research project was also approved by Yangtze University and the No. 1 People’s Hospital of Jingzhou before
the study was undertaken. We did not record indeterminate results, missing data, and data outliers because all
the patients included in the study agreed to participate and the attached seriousness to the study.

The mode of treatment was in two methods, conservatively and surgical. The surgical treatment involved
drilling the skull and drainage of the hematoma.

Surgical Technique

Using the CT scans as a guard, the hair on the scalp were shaved and skin prepare under strict aseptic condi-
tions. Incisions were made on the scalp, drilling and expansion of the hole on the bone with ronguer to about 1.5
x 1.5 cm. The dura was cut across and clotted blood removed. Dura was suspended, cavity was well rinsed with
normal saline and drained to make sure all clotted blood were removed. A drainage tube was placed into the
cavity and sutures layered to close the scalp and hold the drainage tube so that it does not fall off. Patient was
then nursed on a pillow for 2 days. The drainage tube was pulled out if blood had stop flowing and the sutures
removed the next week. Follow up visits were scheduled with patients and review CT scans done to determine
PR.

4. Results

In all 159 patients developed TSDE and out of these 34 which constitute 21.38% had their TSDE evolving into
CSDH as shown in the Table 1. We notice that the time frame for the effusion to accumulate ranges from 3 to
11 days with an average of 9.40 + 0.82 days. However the time interval of the TSDE evolving into CSDH
ranges from 4 to 18 weeks with average of 5.62 + 0.78 weeks.

)



S. A. Richard et al.

Table 1. Distribution of cases who develop TSDE and the those who developed CSDH.

Pathology/disease Number of cases
Chronic subdural effusion 159
Chronic subdural hematoma 34

4.1. Age and Sex

Most of the patients where elderly with their ages ranging from 38 years to 78 years with a mean age of 56.8 +
10.28 years old. Males were 19 and females were 15 as shown in Table 2.

4.2. Co-Morbid Conditions

During CT-scan evaluation of the patients whose TSDE evolved into CSDH we also noticed that 10 of the pa-
tients have associated brain contusions (including contralateral and multiple injuries), 8 had acute subarachnoid
hemorrhage and 6 of them had skull fractures. We are of the view that these associated co-morbid conditions has
also contributed to the development of TSDE in 24 patients included in this study. The remaining 10 patient had
spontaneous evolution of TSDE into CSDH. The brain contusions lead to edema and exudation of fluids into the
subdural space hence the TSDE. The fractures also leads to tears in the dura resulting in leakage of CSF and
bleeding of small AG veins into the subdural space hence the accumulation of the effusion. As shown in the Ta-
ble 3.

4.3. Clinical Manifestations

The mechanism of injury is mostly road traffic accidents (motor cycle or motor crash) which is usual due to ac-
celeration and deceleration as well as fall from heights. patients usually present at open patients department
(OPD) with bruises and wounds. We notice that the initial signs and symptoms of patients at presentation were
Headache in twelve (12) cases, vomiting in five (5) cases, seven (7) cases of paralysis and altered consciousness,
dementia six (6) cases, four (4) cases of psychiatric symptoms (Table 4).

4.4. Imaging

TSDE is seen on CT scans as a collection of fluid within the subdural that have similar imaging characteristic to
the CSF [10] while CSDH is seen as a crescent sharped hypo-dense region in the cerebral convexity [11]-[13].
we noticed TSDE on the CT scans first 3 days after the traumatic head injury. Four cased were noticed between
the periods of 4 to 7 days and 29 cases notice eight days later. However CSDH’s were notice 4 to 18 weeks after
the initial diagnosis of subdural effusion. Figures 1-5 are serial CT scan of one of the patients whose TSDE
evolved into CSDH. The CT scans are arranged sequentially.

4.5. Treatment

Twelve (12) patients were treated conservatively while the remaining were treated surgically by drilling and
drainage of hematoma. This simple surgical technique described above was the reason why we did not record
PR. All the patients recovered with conventional, anti-inflammatory, homeostatic fluids. Clinical signs and
symptoms like headaches, paralyses, and demential improved remarkably. Co-morbid conditions were also
treated accordingly and all patients discharged home. CT scan done on scheduled reviews 6 months later show
no PR of hematoma in all patients both surgically and conservatively treated. ventricular sizes returned to nor-
malcy in all patients groups. All the patient were review again in a year interval and there were still no PR in all
patients groups. As shown in Table 5.

4.6. Postoperative Recurrence (PR)

We did not record any PR in all the patient we managed in our study due to early surgical intervention before the
maturation of the neomembrane and early expansion of the brain. Expansion of the brain closes the space
created by the CSDH and hence occlusion of potential rebleeding vessels hence prevents rebleeding.
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Figure 1. Three (3) days after traumatic Head injury, the patient develops
TSDE which seen on the CT scan below as a collection of fluid within the
subdural that have similar imaging characteristic to the cerebrospinal fluid
(Oct. 9).
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Figure 2. Ten (10) days after the traumatic head injury, the TSDE started
changing appearance on the CT scan from CSF like appearance to light hypo-
dense (Oct. 16).
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Figure 3. Seventeen (17) days after the traumatic head injury the TSDE had
evolved into CSDH which seen on the CT scan as a crescent sharped hypo-
dense region in the cerebral convexity (Oct. 23).
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Figure 4. Twenty-nine (29) days after the head injury, the CSDH was in-
creasing in size despite medical treatment (Nov. 4).
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Figure 5. Thirty-nine (39) days after the traumatic Head injury, the CSDH
was resolving gradually after surgical intervention (Nov. 14).

Table 2. Age and sex distribution of patients who develop CSDH.

Sex/age Number of cases
Males 19
Females 15

Age distribution 38 - 78. Mean age = 56.8 + 10.24

Table 3. Co-morbid conditions associated with patients whose TSDE evolved into CSDH.

Co-morbid condition Number of cases

Brain contusions 10

Subarachnoid hemorrhage 8

Skull fracture 6
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Table 4. Clinical signs and symptoms of patients whose TSDE evolved into CSDH.

Signs & symptoms Number of cases
Headaches 12
Vomiting 5
Paralyses & altered consciousness 7
Dementia 6
Psychiatric symptoms 4

Table 5. Treatment options for patients who develop CSDH, outcomes and recurrence.

Treatment option Number of cases Outcome Recurrence
Conservative 12 All patients survived and function improved No recurrence
Surgical 33 All patients survived and function improved No recurrence

5. Discussion
5.1. Pathophysiology

TSDE is an accumulation of cerebrospinal fluid in the subdural space and is frequently associated with a mod-
ified CSF composition [14]. Most TSDEs are asymptomatic. 76.62% of the patients who developed TSDE re-
solved with conservative treatment alone, which means that TSDE usually disappear when brain expansion or
absorption exceeds effusion [15]. Two theories have been proposed to explain the development of CSDHs: the
theory of osmotic gradients and the theory of recurrent hemorrhage from the hematoma capsule associated with
the hyper-fibrinolysis. The second hypothesis is more widely accepted [15] [16].

Most patients were elderly (mean age of 56.8 + 10.24), demented or chronic alcoholics, and brain atrophy is
the most important predisposing factor. Brain atrophy in the elderly creates a potential space in which fluid can
easily collect. The subdural space is not present in normal healthy people, but trivial trauma can separate the
dura-arachnoid interface, which is the so-called dura border cell layer [14] [17]. When sufficient potential sub-
dural space is present owing to age and cortical atrophy, absorption of the TSDE will generally be delayed. The
atrophic brain often fails to reexpand rapidly, leading to the persistence of TSDE. Low intracranial pressure or
atrophy promotes the development of CSDH [15] [18]. The cycle of persistent accumulation of effusion in the
subarachnoid, rebleeding from torn small AG veins, coagulation and fibrinolysis contributes to the development
and maintenance of CSDH [19] [20]. Furthermore elderly patients still has functional hypercoagulative and
hyperfibrinolytic activities which are enhanced after slight head injury, resulting in CSDH [15]. Some re-
searches have found specific and sensitive molecular markers for coagulation or fibrinolytic systems that are re-
lated to CSDH [20]. They have shown that fibrinogen is an indicator of rebleeding; thrombin is a sensitive
marker of coagulation; and tissue type plasminogen activator (tPA) and fibrin degradation product (FDP) (a fi-
brin monomer and D-dimer) are indicators of fibrinolytic activity [15]. Delayed resorption of the TSDE results
in hemorrhage into the subdural fluid, which is due to the tearing of bridging veins or bleeding from the neo-
membrane [14] [18] [21]. Bleeding that is due to the tearing of bridging veins occurs because the veins are al-
ready elongated. A neomembrane will be formed if the TSDE with a bleeding component persists [15]. However,
a high concentration of fibrinogen in TSDE can be evidence of continuous rebleeding, as fibrinogen is intro-
duced into the cavity of a hematoma only by repeated bleeding and should disappear immediately through the
action of thrombin [19] [20].

Thrombin generation occurs in the subdural space of patients with TSDE and accelerates in the subsequent
CSDH [19] [20]. Thrombin is generated after bleeding during hemostasis, and provokes the proliferation of fi-
broblasts, chemotaxis of inflammatory cells and angiogenesis in the dura mater to form the outer membrane,
which resembles the granulation tissue that is observed during tissue repair [22]. Bleeding in the TSDE induces
the migration or proliferation of inflammatory cells that are derived from the dural border cells, resulting in a
layer of fibroblasts along the dura, which develops into the outer membrane of the hematoma [23]-[26]. Capilla-
ries will develop with time once a neomembrane is formed. Hasegawa et al. showed that there are numerous
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vessels in the subdural neomembrane in TSDE, and many fenestrations and pinocytotic vesicles exist in the
vessel wall [27]. The mechanism of outer membrane formation in CSDH, especially the angiogenesis of imma-
ture capillaries, is not well understood. However, immature capillaries in the outer membrane can produce tPA
[28]. The outer membrane contains a large amount of tPA, so plasminogen can be consumed in the CSDH
through the diffusion of soluble tPA from the outer membrane [19]. tPA causes local hyperfibrinolytic activity
and bleeding. Hyperfibrinolysis that is caused by increased tPA may interfere with hemostasis and may induce
the enlargement of CSDH. Weir and Gordon found high levels of tPA and FDP in the vascular outer membrane
in 25 cases of CSDH [29] which suggests high fibrinolytic activity and potential further bleeding. The fibrino-
Iytic activity of the fibrin monomer and D-dimer is used in the diagnosis of disseminated intravascular coagula-
tion [30].

Some scholars disagree that the transition of TSDE into CSDH but rather acute blood components that causes
CSDH. Acute subdural hematoma usually results from the tearing of bridge veins or cortical vessels, or from
cortical laceration after trauma; it may be produced from a previous drainage operation for Subdural effusion or
CSDH. The acute blood component after the initial head injury may be another cause of CSDH development;
however, this is not an etiologic factor of primary importance.

5.2. Radiology

It is not easy to distinguish an acute or subacute subdural effusion with a lucent appearance from a CSDH with a
hypodense one [9]. Most CSDH occur over the convexity of the cerebral hemisphere in the region of the frontal
and parietal lobes [10] [31]. It is in this type of lesion that the effacement sign is commonly seen. The efface-
ment sign is the result of the obliteration of the normal cerebrospinal fluid pathways between the cerebral gyri
by a subdural collection with a density absorption coefficient that does not differ significantly from that of the
underlying brain substance. It may be simulated by asymmetry of cortical sulci or appearance of unilateral ef-
facement which can occur in unilateral cortical atrophy. When the radiological diagnosis CSDH becomes diffi-
cult two findings in the CT scan should alert the radiologist and neurosurgeon to this possibility: 1) a mass effect
with shift of midline structures and/or unilateral compression of the ventricular system in the absence of abnor-
mal areas of diminished or increased density within the brain to explain the abnormality; on 2) unilateral ef-
facement of cortical sulci over the convexity of the brain.

5.3. Treatment

5.3.1. Surgical Intervention

The decision to evacuate a CSDH is influenced both by the radiographic appearance of the lesion as well as by
the patient’s neurological exam. An asymptomatic patient with a small CSDH is often best observed in a care-
fully monitored setting. The spontaneous resolution of CSDH of significant thickness has been reported in a
small number of case series [32] [33]. It is generally accepted that in the presence of focal symptoms and/or sig-
nificant changes in neurologic status, patients should undergo immediate operative evacuation. Multiple stan-
dard surgical techniques exist for the evacuation of CSDH, including twist drill craniostomy (TDC), burr-hole
craniostomy (BHC), and craniotomy. In general, TDC produce the smallest openings of the skull (<10 mm),
while BHC carried out using a high-speed drill enable larger openings (<30 mm in diameter). Removal of a sub-
stantial piece of bone (>30 mm) that is replaced and fixed to the skull defect following evacuation constitutes a
craniotomy [34].

5.3.2. Craniotomy

Prior to modern imaging techniques, evacuation of a CSDH was accomplished primarily via craniotomy. This
technique exposes the largest portion of the brain and thus provides the surgeon with the most expansive opera-
tive exposure. However, craniotomy is best performed under general anesthesia and is the most invasive of the
options for treatment of CSDH, encompassing the greatest operative time as well as the greatest volume of
blood loss. Despite the increased risks, craniotomy remains the best option for evacuation of organized, calcified,
or CSDH with numerous thick membranes [35].

5.3.3. Burr-Hole Craniostomy (BHC)
BHC is the surgical treatment most frequently employed for CSDH [3] [36]. There are a number of variations of
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this technique. Some surgeons prefer a single burr-hole, whereas others use two [37], and there has not been
conclusive evidence to definitively support either approach. The use of closed-system drainage after BHC has
also been suggested to decrease the PR rate [38]. Although a recent survey suggested that many neurosurgeons
preferred not to place a drain following burr-hole drainage of a CSDH [39]. Other surgeons have suggested
subperiosteal (subgaleal) drainage catheters as an alternative to subdural catheters [40] [41].

5.3.4. Twist-Drill Craniostomy (TDC)

By comparison, TDC can be performed either at the bedside under local anesthesia or in the operating room us-
ing either local or general anesthesia. As TDC can be performed at the bedside, it is an attractive option for
those elderly patients with multiple medical co-morbidities who are poor surgical candidates. However, TDC
drainage is most effective in cases of CSDH in which the blood is almost completely liquefied, and there is a
theoretical increased risk of contamination when performed at the bedside. A closed system Jackson-Pratt bulb
drainage system is often placed at the time of surgery to allow for continuous drainage, which is thought to
promote postoperative brain expansion, particularly in elderly patients with prominent brain atrophy [42].

5.3.5. Adjunctive Techniques

A number of additional adjunct techniques of CSDH drainage have been reported in the literature, and a review
of these techniques is informative for the practicing neurosurgeon. Takeda et al. reported an interesting method
for evacuation of chronic subdural Hematoma without the use of irrigation or drainage. The authors then in-
jected 10 cc of oxygen into the hematoma cavity and aspirated an equal volume with a syringe. The patient’s
head was subsequently rotated from lateral to supine position according to the volume of hematoma. The authors
were successful in evacuating hematoma in all of their patients, with satisfactory neurological recovery in 70 pa-
tients [43].

A variety of alternative techniques have also been promulgated in the setting of PR of hematoma. For exam-
ple, a number of groups have reported on the efficacy of middle meningeal artery embolization in the treatment
of refractory CSDH [44]-[47]. These series have all demonstrated angiography revealing abnormal vascular
stains thought to represent formation of Neo-capillaries in the subdural membranes. In these several reports, no
further enlargements or PR of the CSDH were observed following embolization of these vessels. An additional
adjunctive technique proposed in the treatment of PR of CSDH is implantation of an ommaya reservoir, which
permits repeated punctures and aspiration of subdural fluid. In an early prospective study by Laumer et al. [48]
[49].

6. Postoperative Recurrence (PR)

Stanisic et al. are of the view that initial surgery for CSDH performed less than 60 days after head trauma tended
to correlate to a high PR rate of 25.6% [50]. Nakaguchi et al. are of the view that limited organization of the
younger hematoma (immature fibrosis of the neomembranes or trabeculae) may lead to an increased PR rate
[25]. Choudhury who used two bole-holes craniotomy approach for 44 patients with CSDH and followed them
from six to ten years with CT scan showed total disappearance of CSDH [37].

It has been shown that the pathophysiology of CSDH development is complex. It consists of a sequence of
events which includes local inflammation, release of pro-inflammatory factors, angiogenesis, increased vaso-
permeability, bleeding, and hypercoagulative and hyperfibrinolytic activities. This leads to a self-enhancing vi-
cious circle facilitating rebleeding and enlargement of the CSDH. Some reports discuss the variation of rebleed-
ing tendency in different hematoma stages [25] [28]. During the initial stage of hematoma development (homo-
geneous type on CT scans), the rebleeding tendency is moderate because the balance between coagulative and
fibrinolytic activities is maintained. In the two next chronological stages (laminar and separated types) the
hyperfibrinolytic activity and tendency to rebleed from the neomembrane is high, but in the following stage
(trabecular type) the risk of bleeding from the hematoma capsule is low because the nheomembrane has a large
fibrous component. This rebleeding tendency corresponds well with risk of recurrence. Thus, high rebleeding
tendency in laminar and separated hematomas is associated with a high risk of PR and the low rebleeding ten-
dency in homogeneous and trabecular hematomas is associated with a low risk of PR. Additionally, a high con-
centration of inflammatory cytokines in a separated hematoma correlated to high PR rate,whereas a low concen-
tration in the trabecular hematoma correlated to low PR [51].

It has been stated that any factor leading to a prolonged postoperative widening of the hematoma cavity (brain
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atrophy, residual hematoma, massive subdural air collection, excessive fluid drainage through subdurally placed
drains) may cause an impaired adhesion between the inner and outer neomembranes and thus facilitate PR [16]
[52] [53].

7. Conclusion

TSDE is one of the etiological factors for the development of CSDH but in most cases the etiology of CSDE is
multifactorial. Elderly patients who sustain traumatic head injury are at the highest risk of developing TDSE and
subsequent evolution into CSDH. The diagnosis of TSDE and CSDH mostly relies on sign and symptoms as
well as radiology. It must be stated clearly that, the evolution of TSDE into CSDH is initially a hidden process
and presents with nonspecific signs and symptoms which can easily be missed. CT scan is usually the initial ra-
diology of choice in making diagnosis of TSDE but MRI could be used to make early diagnosis of the transgres-
sion of TSDE into CSDH, and hence early surgical intervention before the formation of a neomembrane could
reduce PR rate. Although there is a wide range of treatment options for the management of CSDH, as discussed
above, the choice of treatment method should depend on the neurosurgeon. PR rate has been described by al-
most all the researches but we do not record any PR in all our patients we manage in our facility. This could be
due to early surgical intervention and short follow up period of our patients. Our research findings as well as
previous researches indicate that, one of the etiological factors for CSDH is TSDE. We did not have any major
limitations during our study.
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